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FOREWORD 


Nuclear instruments are used in almost every phase of atomic energy work, from 
assessing health hazards and prospecting for nuclear materials to plant control and nuclear 
physics experiments. The demands on nucleonic instrumentation are growing steadily. 
High-energy particle physics need such instruments for measuring extremely short times; 
in various research experiments most advanced electronic systems are required; and 
routine applications of radioisotopes call for more reliable instruments for automated 
counting facilities. 

In order to give designers and users of nuclear instrumentation an opportunity to 
discuss the research results and to exchange information on recent developments and 
new designs, the International Atomic Energy Agency, in co-operation with the Federal 
Nuclear Energy Commission of Yugoslavia, organized a Conference on Nuclear Electro- 
nics which was held in Belgrade from 15—20 May 1961. It was attended by more than 
300 scientists from nearly 30 countries and five international organizations. Over 150 
papers were read and discussed. As the field of nuclear electronics has expanded con- 
siderably, it was impossible to discuss all aspects of nuclear electronics in one series 
of meetings. Included in the main topics were radiation detectors, electronic circuitry in 
conventional and fast-pulse techniques and advanced electronic systems used in nuclear 
research. 

The Proceedings presented in these volumes contain the full records of the Conference, 
including discussions. The present state of technique, together with current trends 
and developments, are outlined. Of particular value should be the world-wide survey 
on progress recently made in such fields as those connected with semiconductor detectors, 
spark counters, luminescence chambers and fast electronic facilities for nuclear physics 
research. Together with the Proceedings of the Symposium on the same subject held in 
Paris and also published by the International Atomic Energy Agency, these volumes 
offer reference materials very useful to scientists and engineers directly engaged in the 
development and design of nuclear electronic instruments, as well as to all those who 
use these instruments in their research and routine work—in developed as well as 


developing countries. 
M bara 


Scientific Secretary 
April 1962 Conference on Nuclear Electrortics 
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V. 
AMPLITUDE CONVERTERS, 
MULTICHANNEL ANALYSERS AND DATA 
HANDLING 


(SESSION 5) 


TRANSISTORIZED ANALOGUE-TO-DIG 
CONVERTER FOR PULSE-HEIGHT ANALYSIS 


A. F. ARBEL* 
MINISTRY OF DEFENCE, TEL AVIV 
ISRAEL 


Abstract —- Résumé — Annotayua — Resumen 


Transistorized analogue-to-digital converter for pulse-height analysis. An analogue-to-digital 
converter has been built employing a Miller run-down for the linear conversion of a pulse 
amplitude into time. The input is required in the form of current pulses from a suitable amplifier 
and delivered through a series gate to the low-impedance input of the converter. The converter 
proper consists of a current amplifier for charging the storage capacitor of a Miller time-base, 
with both the amplifier and the Miller time-base forming an integral part of the converter 
circuit. 

Voltage feedback from the output stabilizes the amplitude to which the capacitor is charged 
by incoming pulses. As each pulse passes its peak, the overall feedback loop opens because 
the storage capacitor is charged through a diode, the latter being cut off during the “run down” 
part of the cycle. However, the Miller part of the converter remains active and causes the storage 
capacitor to discharge linearily. With the completion of the run-down the overall feedback 
loop closes again, returning the Miller capacitor to exactly the same quiescent voltage from 
which its charge had started previously. Thus, the influence of slow Dc drifts within the overall 
feedback loop on the conversion factor is practically eliminated. 

A crystal oscillator assures the stability of the timing-clock pulses. Phasing problems are 
eliminated by delaying the start of the discharge until the arrival of a clock pulse. 

A description of the circuit and performance data is given in the paper. 


Conyertisseur analogique/numérique 4 transistors pour l’analyse des amplitudes d’impulsions. 
On a fabriqué un convertisseur analogique/numérique utilisant une décharge de Miller pour 
la conversion linéaire amplitude-temps. A entrée, on doit avoir des impulsions de courant 
émises par un amplificateur approprié et transmises par une porte montée en série au circuit 
a faible impédance d’entrée du convertisseur. Le convertisseur proprement dit se compose d’un 
amplificateur de courant destiné a charger le condensateur de stockage et d’une base de temps 
Miller, l’'amplificateur et la base de temps Miller faisant partie intégrante du circuit du convertisseur. 

Le voltage de réaction a la sortie stabilise l’amplitude 4 laquelle le condensateur est chargé 
par les impulsions d’entrée. A chaque maximum d’une impulsion, la boucle de réaction totale 
s’ouvre du fait que le condensateur de stockage est chargé a travers une diode, qui est mise 
hors-circuit pendant la partie du cycle constituée par la décharge. Cependant, les éléments 
Miller du convertisseur continuent de fonctionner et provoquent la décharge linéaire du con- 
densateur. Une fois la décharge achevée, la boucle de réaction totale se referme et rétablit dans 
le condensateur Miller exactement le méme voltage de repos 4 partir duquel sa charge avait 
commence. Ainsi, on élimine virtuellement l’influence des lentes variations de courant continu, 
a Pintérieur de la boucle de réaction totale, sur le facteur de conversion. 

Un oscillateur a cristal assure la stabilité des impulsions de l’horloge. On élimine les problémes 
de phase en différant le début de la décharge jusqu’au moment de l’arrivée d’une impulsion 
de l’horloge. 

Le mémoire décrit le circuit et contient des données sur son fonctionnement. 


Pa6otaiomjee Ha TPan3HCTOpaX MOesTHpylolee YcTpoHcTBO HenpepLIBHOTO jleiicTBHA K 
Huposomy npeo6pazo0BaTeo Aid avasM3a AMILIATYAbI HMUYJIECOB. Baio CKOHCTPpyHpoBaHO 
MOCIMPYIOMCe YCTPO#CTBO HenpepbiBHOTO JelicrBus K WAppoBoMy mpeobpazoBaTesO c 


* At present with the Israeli Atomic Energy Commission. 
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IIPHMeHeHHeM 3aTYXaIOllero WHKIa pa3BepTKH NO Musuiepy ana juMHeiHOro npeoO6pa30BaHnAa 
AMIDIMTYbI MMUYJIBCOB BO BpemeHH. IlonBoouMbI cHrHan TpeGyeTca B BHe HMOYJIBCOB TOka, 
TOCTYNAaIOWIHX M3 COOTBETCTBYIOLIerO YCHIMTeNA MW MOmAaBAeMBIX Yepe3 CepHIO BeHTHNeH B 
upeo6pa30BaTesb C MaJIbIM BXOAHBIM KOMIVICKCHBIM COMPOTHBICHHEM, Cam mpeoOpa30BaTenb 
COCTOUT 43 YCHAMTeENA TOKA WA 3apaAKH HAKOMMTeNbHOrO KOHAeHCaTopa (storage capacitor) 
C BpeMeHHO pasBepTKoH mo Musmepy, UpHiem kak YCWIMTeIb, Tak M BpeMecHHand pa3BeprKa 
tio Musnepy aBiiatioTcad HeOTbeMsIeMOM YaCTbIO CXCMBI npeoOpa3oBarTesa. 

Burxonsinee HanpwKenme oSparuok caa3u craSumu3upyeT aMIIMTYAY, KO KoTOpo HocTy- 
falOLMe MMIYNbCHI 3apsKalOT KOHeHCaTOp. B TOT MOMEHT, Kora kaxkUbI HMNYAbC HOCTHTaeT 
cpoero nuka, o6ulaa len OGpaTHo CBASH OTKPEIBAeTCH, TAK KaK HaKONMTeNbHbI KOHAeHCATOP 
3apsKaeTcA NOCpeACTBOM HOA, KOTOPbI OTKTIOWAeTCA Ha BpeMA »3aTyxalowleH wacTu 
pa3pepTKn nukna. OnHaKo YacTb pa3sBepTKU Npeobpa3zoBaTeNA M0 Muuiepy octaeTca akKTMBHOK 
Wf 3aCTaBIIAeT HAKONMTENIBHBIL KOHDeHCaTOp JIMHeHHO paspsxKaTEcA. C 3aBepwicHieM 3aTyxalolleh 
pa3BepTku ukna o6miaa Wenb o6paTHOw CBA3H CHOBa 3aKPbIBacTCA M BOSBpaliaer mpeo6pa30- 
BaTesib Munuepa TOUHO K TOMY 2%Ke HallpsKeHHHO TOKO’, C KoTOporo ero 3apA HaywHasIca 
B pegmectayromMi pa3. Takum o6pa30M UpakTH¥ecKH MCKIOYACTCA BIIMAHME MeC/WICHHBIX 
cMelleHuii MpAMoro Toka B OOme yeu OOpaTHOK cBA3H Ha KoobunwenT lipeo6pas0BanuaA. 

Kpuctasmeckuit ocumuiitop oGecneiBaeT YCTOHYHBOCT TAKTOBBIX HMIIYJIBCOB. TIpo6nemer 
a3snpoBKu HCKIIFEOWAIOTCA WYTEM 3ae@pxKKH Pa3spAaKH WO DOCTYMJIe€HHA TAKTOBOLTO MMMyJIbCa. 

B mwoknane daeTca onucanue CXe€MBbI HW NpvBOAATCA TIOJIYYCHHbIC WAHHBIC. 


Convertidor analdgico-digital transistorizado para el andlisis de amplitudes de impulsos. Se ha 
construido un convertidor analégico-digital que emplea un circuito de Miller para convertir 
linealmente en tiempos las amplitudes de los impulsos. Los impulsos de entrada han de ser 
impulsos de corriente procedentes de un amplificador adecuado y entregados a través de un 
circuito «puerta» a la entrada de baja imipedancia del convertidor. El convertidor propiamente 
dicho consiste en un amplificador de corriente para cargar el condensador de almacenaje de 
una base de tiempo de Miller. Tanto ésta como el amplificador forman parte integrante del 
circuito convertidor. 

Una realimentacién de tensién desde !a salida estabiliza la amplitud a la que es cargado el 
condensador por los impulsos de entrada. Cuando un impulso alcanza su maximo, se abre 
el circuito de realimentacién, ya que el condensador de almacenaje se carga a través de un diodo 
que queda desconectado durante el resto del ciclo. No obstante, la parte Miller del convertidor 
sigue en actividad y hace que el condensador se descargue linealmente. Una vez terminado 
el proceso, se cierra de nuevo el circuito de realimentacion, descarg4ndose el condensador de 
Miller hasta una tensién de reposo exactamente igual a la que tenia al iniciarse la carga en el 
ciclo anterior. De esta manera, las derivas lentas de tensiones continuas que se producen en 
el circuito de realimentacién no influyen practicamente en el factor de conversion. 

La estabilidad de los impulsos de sincronizacién queda asegurada por un oscilador de cristal. 
Los problemas de desplazamiento de fase se eliminan retardando el principio de la descarga 
hasta la llegada de un impulso de sincronizacion. 

Se describe el circuito y sus caracteristicas de funcionamiento. 


I. Principle of operation 


The converter to be described is part of a 256-Multichannel analyser which is at 
present under construction. It is a “Wilkinson” type converter, in which a capacitor 
is charged to the peak of an incoming pulse. A clock pulse generator is used to measure 
the subsequent discharge time of the capacitor which is proportional to the pulse height. 
The resulting count number is stored in the memory of an analyser. 

As a direct result of the use of transistors it appeared desirable to replace the well- 
known “Chase” pulse-stretcher by a current operated circuit. The converter is therefore 
based on a current amplifier feeding a Miller Integrator (Fig. 1). When a current signal 
is applied to the virtual ground input of the converter, the Miller capacitor C is charged 
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from its virtual ground side by the current amplifier A, through D, to an amplitude 
proportional to the peak of the incoming pulse. This amplitude is stabilized by the 
feedback action of Rr from the voltage output of the Miller to the virtual ground input 
of the converter. 


CONTROL 


VIRTUAL | 
GROUND - “. t 
acres aca 
1 © . 
8, 


|: fx DISCHARGE nn a ® 


-p- AMPLIFIER ig ae @ 


—>—oO——>— INVERTER te ee ee re 
WAVEFORMS 


Fig. 1 
Analogue-to-digital-converter — block diagram 


As an additional result of the feedback action through Ry, the charging current 
into C is proportional to the derivative of the signal. It therefore reverses its polarity 
as soon as the input pulse passes its peak. This cuts off D, and thereby disconnects 
the Miller circuit. Simultaneously, the bleeder current I is diverted into D,, thereby 
closing the input gate. 

The integrator commences its linear run-down as soon as the discharge-current 
“switch” S is closed. As the input signals are now blocked, the feedback loop will be 
restored only at that instant at which the Miller output voltage returns to the starting 
value. At that time, the current through D, is interrupted, the input gate opened and 
the circuit is ready to accept the next input signal. This comparator action is inherently 
very stable because it is not affected by any long-term drifts in the circuit. 

The duration of the linear discharge is measured from that instant at which the 
current “switch” S is closed, until the termination of the conversion gate, wave-form 5. 

Input pulses are supplied from a current amplifier having a maximum linear range 
exceeding 40 mA. The maximum pulse amplitude accepted by the converter is 10 mA, 
with an additional base-line shift adjustable between 0—20 mA. At the clock-pulse 
frequency of 4 Mc/s the run-down time for channel 256 is 64 ps. 


II. The integral mode 


The mode of operation which has just been described may be called the “linear mode” 
because the storage capacitor is charged to a voltage proportional to the peak of the 
current input. In such an arrangement, the current delivered by the radiation detector 
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is integrated and subsequently differentiated, after pre-amplification, in order to avoid 
pile-up. 

According to a more straightforward method which is also better adapted to the 
use of transistors, the radiation counter operates into a short circuit and the resulting 
current is amplified in a current amplifier. Provided that fast counters are used, the 
performance of such a system under overload conditions and its resolution will be 
considerably better than that of a conventional one. Such a system using fast proportional 
counters has been described by WAUGH and NICHOLSON [1]. 


The converter is modified to operate in this mode which may be called the integral 
mode, by replacing Rr by a diode Dr. This diode closes the feedback loop in the steady 
state in order to stabilize the quiescent output-voltage of the Miller, but opens as soon as 
a signal is applied. The Miller capacitor C is therefore charged directly by the input 
current to a voltage which is proportional to the charge induced on the output electrode 
of the radiation counter, and which is therefore also proportional to the energy of the 
particle producing this charge. 


Details of the complete diagram have been omitted. 


III. Logical diagram 


Fig. 2 shows the logical diagram of the converter. By using a free-running crystal 
oscillator as a clock-pulse generator, problems presented by pulsed oscillators with 
respect to initial phasing and frequency stability have been avoided. Correct timing 
of the run down will then be achieved by delaying the start of the Miller discharge 
until the arrival of the first clock pulse in the gated clock-pulse train. This clock-pulse 
train is gated by wave-form 5, called the conversion gate, shortly after the Miller capacitor 
has been charged to the peak of the signal pulse. 
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GENERATOR GATED CLOCK PULSE TO 


AVOID THE DELAY CAUSED BY 
is The olsen. DISCH. CURRENT F.F. 


GATE REQUIRED FOR 
ACCURATE TIMING 
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ADORESS COUNTER 
re) 


CONTROL 


TERMINATION OF PULSE TRAIN 


{Tp oes 
=>D— AND” GATE 
TI} rear 


—o——_ INVERTER 
AMPLIFIER 


so 
OC set DC reset 
FUP - FLOP 


Set 
Pulee’ 


Fig. 2 
Analogue-to-digital-converter — logical diagram 
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In order to achieve low zero drift and jitter, the following precautions are taken: 


(1) The gated clock-pulses are obtained by gating the 4Mc clock pulses in the AND 
gate No. 2 by the clock-pulse gate. This clock-pulse gate is derived from the output 
of the pulse gate F.F. which is triggered through AND gate No. 1 by the first 
delayed clock pulse coinciding with the conversion gate, wave-form No. 5. This 
arrangement assures the complete appearance of the first pulse in the train, which 
then accurately initiates the discharge of the Miller capacitor. 


(2) The trailing edge of the conversion gate terminates the pulse train feeding the 
address counter in a circuit which is identical with that initiating the discharge. 
Consequently, both the start of the discharge and the termination of the pulse train 
are identically affected by any variations in the pulse shape and drift occurring 
within the circuit. 


IV. Circuit design 


Fig. 3 shows a simplified circuit diagram of the converter. The input current signal 
is fed through D, into the virtual ground input of the canverter. If a positive gate is 
applied to the base of Q,, D, cuts off and the input current is diverted into the collector 
of Q.. 


LINEAR GATE : CURRENT AMPL.: MILLER INTEGR : 
Dy 02 A i Gy % OQ 


CONVERSION GATE OUT JL 
o — 


NUMBERING OF WAVEFORM IS (DENTICAL 
WITH THAT IN FIG! 


C=R 

Re Rt, SC, 
OUTPUT RISE TIME 
Teo Re, Nin 


Fig. 3 
Analogue-to-digital-converter — simplified circuit diagram 


A considerable design effort has been made so that the circuit will accomodate the 
full spread in the parameters of all components used, in order to obtain a true “worst 
case design”. To this end, each circuit block, the current amplifier Q,Q, and the Miller 
integrator Q,Q,Q, are stabilized independently by their own feedback network. 

Q,Q, may be recognized as a conventional feedback stabilized-current amplifier, 
if one imagines R¢ to be connected to the emitter of Q,. However, if Rr were really 
connected like that, the termination of the Miller run-down would be delayed because 
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at that instant Q, is going from saturation into the linear region of operation and this 
action would be delayed if a high beta transistor were used in place of Q,. The connection 
of Rp between the base and collector of Q, stabilizes the beta of this transistor to a 
low value. 

Theoretical design considerations have been guided by the root locus method whose 
application to the design of monotonic pulse amplifiers has been previously discussed [2]. 
The secondary loops constituted by the current amplifier Q,Q, and the Miller Integrator 
Q;Q,Q, may, from the point of view of stability and ignoring second-order effects, 
be considered to assume the response of their respective feedback networks. 


The pole created by the Miller integrator constitutes the dominant pole in the open- 
loop response of the complete circuit, whereas pole RriC, due to the current amplifier 
is neutralized by the zero Rr2C, created by the overall feedback network. The resulting 
span between the dominant pole and its nearest neighbour is sufficient to allow reasonable 
loop gain to be applied without causing these poles to leave the real frequency axis. 
The remaining roots may be shown to occur at such a distance from the origin in the 
s-plane that the relative amplitudes of the resulting non-monotonic transients are 
sufficiently small to be neglected for all practical purposes. 


V. Stability considerations and performance 


Apart from the factors considered in the discussion of the logical diagram, the con- 
version stability is determined by the constancy of the discharge current, by the value 
of Rr, and C (Fig. 3), by the accuracy of run-down termination and by the current 
leakage through D, (Fig. 3) when the input gate is closed. Stabilization of the discharge 
current may be obtained using conventional methods and the stability of Rr, and C 
may be ensured choosing suitable components. The remaining two factors will be 
considered in greater detail. 


During the run-down, the pulse stretcher is transformed into a comparator. In this 
respect, the circuit resembles the converter due to KANDIAH [3] except for the fact 
that the function of all active elements remains unchanged in both modes of operation. 
As the feedback loop is entirely pc-coupled, the stability of discrimination and hence 
that of the termination of the run-down process will be determined by the short time 
stability of the complete circuit. The maximum duration of a run-down being: 64 us, 
drifts due to temperature variations or changes in transistor parameters will be negligible. 


Any change in the unavoidable leakage current through the closed input gate will 
produce a zero drift of the conversion process. When the input gate is closed, Q, is 
conducting and D, is back biased to approximately 0.50 V. At these levels, the current 
due to the resistive component of a diode may be neglected. The remaining current 
is independent of voltage between a few tenths of a volt and the breakdown voltage 
of the diode but increases with temperature by a factor which may be readily evaluated. 
Consequently, the zero drift with temperature due to the input gate is calculable and 
may be kept sufficiently small by using a gold-bonded germanium diode having a 
leakage current of about 1 »A at 25°C. 

The signal attenuation due to the closed input gate equals the ratio between the 
dynamic resistance of D, which is conducting and D, which is cut off. Attenuations 
greater than 105 are easily achieved. 

In an experimental “‘bread-board” design of the converter, the stabilities of the 
overall feedback resistor Rr, (Fig. 3) of the components employed in the discharge 
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current circuit and of the Miller capacitor C were found to be the main factors affecting 
the gain drift of the converter. 


The following test results have been obtained: 

Differential linearity — better than + 1% over the total range above channel) 6 
Zero drift — 0.1% of full scale/10°C 

Gain drift + 0.08% of full scale/10°C 

Drift at high pulse-repetition frequency — 0.1% of full scale at 100000 pps. 
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METHODS OF REDUCING ERRORS 
IN AMPLITUDE-TO-DIGITAL CONVERTERS 


K. KANDIAH 
ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL, DIDCOT 
UNITED KINGDOM 


Abstract — Résumé — Annoranua — Resumen 


Methods of reducing errors in amplitude-to-digital converters. Most pulse analysers use the 
Wilkinson principle of amplitude-to-digital conversion because of its inherent simplicity. This 
paper analyses the various causes of inaccuracy in such converters and describes means of over- 
coming them. The paper then describes the principles of a new converter which uses largely 
semiconductor devices. The new converter possesses a high degree of channel-width uniformity 
and channel-position stability over a large dynamic range of pulse amplitudes. Methods of 
measuring converters to a high precision are also discussed. 


Méthodes de réduction des erreurs dans les convertisseurs d’amplitudes en données numériques. 
Etant donné la simplicité du principe de Wilkinson pour la conversion des amplitudes en données 
numériques, la plupart des analyseurs d’impulsions sont fondés sur ce principe. Le mémoire 
analyse quelles sont les causes d’inexactitude dans ces convertisseurs et expose les moyens 
permettant de les supprimer. Il formule ensuite les principes d’un nouveau convertisseur qui 
utilise dans une large mesure des dispositifs 4 semi-conducteurs. Le nouveau convertisseur 
posséde les deux caractéristiques suivantes: haut degré d’uniformité de la largeur de canal et 
stabilité de position du canal pour une gamme dynamique étendue d’amplitudes d’impulsion. 
L’auteur étudie également les méthodes permettant d’utiliser les convertisseurs avec un degré 
de précision trés poussé. ; 


Merogxbl yMecHbUIeHHA NOrpelmMoctell B AMIVINTYAHO-HHdpoBEX npecGpazosatenax. Bsnny 
mpucyimei upwHnany BunpKnHcona MpocToTs! 3sTOT UpHHUAM McHonb3yeTca B GOsbUIMHCTBE 
aHanM3aTOpOB MMUYJIbCOB A aMIMUIMTYQHO-UMppoBbIX upeoOpa3oBaHHli. B HacTosIeM 
oknane pa3sOuparoTca pa3sIM4Hbie MpW4WMHbI HETOYHOCTH TakHXx Mpeobpa3zoBaTenei HM ONUCHI- 
BarOTCa CHOcOObI ycTpaHeHHA STHX NPHYMH. 3aTeM B WOKMaye OMMCLIBAIOTCA NPHHUMMbI HOBOTO 
upeoOpa3z0BatTesa, B KOTOpOM B LIMpOKOl Mepe HCHONb3YIOTCA NOJIYIPOBOAHHKOBBbIe YCTPOHCTBA. 
Hospi npeo6pa3osnatenmb OOnagaer 3HaYUTeNbHbIM eXMHOOOpa3veM LIAPHHbI KaHasia u yCTOH- 
YHBOCTHHO NOSOMCHUA KAHATIA Ha WpOTAKCHMH Sombioro UMHAMMYCCKOTO MVHTCpBAIA AMILINTY T 
UMIUYIJIbCOB. OScyxnaroTca TakoKe MCTObI BCCbMa TOUHBIX w3MepeHuit TIpH MOMOWM 3ITHX 
npeoOpa3zoBateneit. 


Métodos de reduccién de los errores en los convertidores digitales de amplitudes. En la mayoria 
de los analizadores de impulsos se aplica el principio de Wilkinson, o sea la expresién digital 
de la amplitud, debido a su inherente sencillez. Se analizan los diversos factores de inexactitud 
de tales convertidores y se describe la manera de anularlos. Se explican los principios de un 
nuevo convertidor, basado en gran parte en la utilizacién de semiconductores. Este nuevo 
convertidor posee una gran uniformidad de anchura de canales y una gran estabilidad de posicién 
de los mismos, dentro de extensos limites dindmicos de la amplitud de los impulsos. Se estudian 
también métodos para calibrar los convertidores con gran precisién. 


I. Introduction 


Two basic types of amplitude-to-digital converters, or encoders as they are sometimes 
called, are commonly used in multichannel pulse-amplitude analysers. In one type 
of converter there are 7+ 1 amplitude discriminators whose thresholds are set at 
progressively higher levels. In conjunction with n anticoincidence circuits n amplitude 
channels are obtained, individual channel widths being defined by the difference in the 


11 


12 K. KANDIAH 


threshold levels of two adjacent discriminators. Most of the recent converters use the 
Wilkinson principle whereby a capacitor is charged to the peak level of the input pulse 
and a reference waveform consisting of a linear ramp or a staircase is compared with 
the voltage on the capacitor. The number of timing pulses after which the ramp voltage 
equals the voltage on the storage capacitor or the number of steps of the staircase to 
reach equality define the channel number. 


In view of the many advantages of the Wilkinson type of converter the multiple 
discriminator type is not preferred except on the grounds of short resolving time. Analysers 
using multiple discriminators will not be considered in this paper. The main purpose 
of this paper is to discuss the various sources of inaccuracy and instability of converters 
using the Wilkinson principle and the methods used to improve their performance. 
The principles of a new converter which possesses many desirable characteristics from 
the point of view of accuracy will be described. The converter uses semiconductor 
devices except for one cathode follower. The paper also describes test equipment used 
to study the performance of converters. 


II. General analysis . 


The block schematic of converters of the conventional type are given in Figs. 1 and 2. 
The system shown in Fig. 1 is used in analysers using circulating pulses in a delay line 
as the storage system [1]. In this case the reference-ramp voltage is synchronized to the 
circulating pulses in the delay line so that the time during which the storage capacitor 
has to retain the voltage to which it is charged by an input pulse is variable and depends 
on the instant of arrival of the pulse in relation to the start of the ramp voltage. It is 
usual to have a small current flowing to the charging diode in order to stabilize the 
static condition of the system and this current introduces a droop on the voltage of the 
capacitor. Owing to this droop and the variable storage time there is considerable 
fluctuation in the input-pulse amplitude necessary to make a particular pulse fall at 
the boundary between two channels. 


ort ACL BALANCE ra 
= _.| vetector [~~] an eee mtatcs 2 
: VA | tI : 
sy " zs 
ENING CHANNEL- 
Boa’ [-=--{sevecTine 
GENERATOR OSCILLATOR) 


GATE 


CONSTANT 
CURRENT 
SOURCE 


SELECT 
OSCILLATOR CHANNEL 


Fig. 1 Fig. 2 
Schematic of converter for delay-line Schematic of converter for ferrite-core 
store store 


The system shown in Fig. 2 which is normally used with ferrite-core storage systems [2] 
is not subject to the above uncertainty since the channel selecting pulses and the reference 
ramp are started soon after the capacitor is charged. However some analysers with 
ferrite-core stores use a free-running oscillator whose output is gated to produce the 
channel-selecting pulses. When the opening and shutting of this gate is not synchronized 
to the input pulses an uncertainty in channel boundary similar to that described above 
will be evident. The finite resistance used to generate the discharge current to the 
capacitor introduces some non-uniformity of channel width which will be discussed later. 
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The most important source of non-linearity is the charging diode. The effect of the 
characteristic of the. diode on the linearity with small pulses and the improvement 
resulting from the use of a feedback amplifier will be discussed later. 

In order to avoid anomalous effects due to input-pulse rate it is usually necessary 
to employ direct coupling in the charging diode and balance detector circuits. In this 
case the amplitude of the pulse necessary to cross the boundary between any two channels 
will vary if there is any drift in the pc levels of the diode or balance detector. These 
are the main causes of drift of channel boundary which causes the position of all channels 
to move together without a change in channel width. It is possible to arrange the balance 
detector and charging diode circuits to provide some compensation against drifts due 
to changes of heater potentials in valve circuits and ambient temperature changes in 
_ transistor circuits. 

In some analysers the balance detector receives the full amplitude of the storage 
waveform and the reference waveform as in Fig. 1. In these cases it is essential that the 
circuits should be capable of detecting equality between the two levels independent 
of the pulse amplitude. This can only be achieved by using long-tailed pair circuits 
in which the currents through the pair are maintained constant by other circuits. This 
is usually much easier with transistors than with valves owing to the high collector 
resistance of most transistors. 

In Fig. 2 the reference waveform is obtained by applying a constant discharge current 
to the storage capacitor. Since this capacitor has to be small in order to charge it to 
the peak of the pulse with normal diodes, the current fed to the capacitor is small for 
ramp durations in the region of 100 us. This small current is usually generated by means 
of a high-value resistor connected to a high voltage and the stability of this resistor 
controls the stability of the channel width. Even in those analysers in which the ramp 
is generated on a separate capacitor as in Fig. 1, the value of the resistor defining the 
slope of the ramp is much higher than that of the resistor used in a circuit which generates 
the staircase type of reference waveform. Since the stability of high-value resistors is 
generally worse than that of resistors of very low value the channel width will be more 
stable when a staircase waveform is used as the reference. : 

Although the oscillator frequency also controls the channel width in those cases 
where a ramp generator is used it is usually possible to maintain a sufficiently constant 
frequency to prevent this being a cause of error. However the need to maintain a constant 
frequency often results in the choice of a free-running oscillator whose output is gated 
to obtain the channel selecting pulses. Although this does not introduce an error in 
mean channel width with random pulses it is not possible to measure individual channel 
widths accurately by means of a simple pulse generator with variable amplitude. A 
similar problem exists when a free-running reference ramp is used. It is then very difficult 
to determine the cause of a non-uniformity of channel width which is confined to a 
few channels, or varies widely over a few channels although a uniform average width 
over groups of channels is maintained. The latter effect can occur in some complete 
analysers owing to the modulation of the reference waveform, or the power supply 
to the converter by surges related to the channel selecting circuits. 


Ill. The pulse stretcher 


The major cause of inaccuracy in a converter is the pulse stretcher used to charge 
the capacitor to the peak of the input pulse. The simplest pulse stretcher uses a semi- 
conductor or thermionic diode. If the steady current through the diode stabilizing 


14 K. KANDIAH 


the static condition is Jy, the voltage v on the capacitor and the input voltage y, are 
related by the differential equation 


dy vy, —y 
C— = I,exp{— —I, (1) 
dt 9 ( Ey . 


where Ey = Pp — which we shall call the “Voltage Constant” of the diode, 


Pp = a constant, 
k = Boltzmann constant, 
e = electronic charge, 


and T is the temperature of the cathode in the case of the thermionic valve, or-the junc- 
tion temperature in the case of asemiconductor diode. Itis assumed in the above equation 


that the current voltage characteristic of the diode is i = Ip exp eo —Iy. This 
0 

assumption is generally valid in practice for semiconductor junction diodes [3] for 
the range of currents used in pulse stretchers and the value of p usually lies between 
1 and 2. In the case of thermionic diodes p = 1 for currents up to a few hundred 
microamperes. For larger currents the characteristic is no longer given by the above 
expression. However it can be shown that the accuracy of the pulse stretcher is not 
strongly dependent on the diode characteristics at currents some orders of magnitude 
greater than J, and we shall assume that equation (1) is always valid. 


Some pulse stretchers use negative feedback in order to improve the charging accuracy. 
The block schematics of two forms are shown in Fig. 3. In the simpler system shown 
in Fig. 3(a) the voltage amplifier has a gain A so that the voltage applied to the diode 
is Ay, —(A + 1) v. Therefore the equation relating v to vy, is 


dv Av, —(A + 1)v 
CU a4 exp | En. (2) 


In the system shown in Fig. 3(b) the current through the diode is then fed to a current 
amplifier which has a low input impedancé. The output of the current amplifier is used 
to charge the capacitor. In this case the relationship between v and y, is given by 


dy (v1, — v)A 
cq a mew {SEAT (3) 


A converter [4] using a secondary emission pentode which is essentially of the type 
shown in Fig. 3(b) is used in the analyser type 1524. 


Tn deriving equations (2) and (3) it has been assumed that impedance at the input 
of the voltage amplifier where the capacitor is connected is very high and that the 
output impedance is almost zero. The first condition can in practice be met by using 
a suitable valve at this input of the amplifier. The output impedance can usually be 
made small enough to have little effect on the analysis that follows, although a system 
with a high resistance in series with the diode will be considered later. ; 


It is seen that equation (3) is identical in form to equation (1) with the difference 
that E, has been replaced by E,/A. Similarly it is possible to transform (2) to appear 
similar to (1) by introducing new variables 
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A+ 1 A 
yy -( " ) and Cy = (le 


and replacing E, by E)/A. It is seen that a general solution of (1) can be used to obtain 
the results for (2) and (3) by replacing Ey by &,/A. The systems with feedback are 
therefore equivalent to the simple diode circuit using a diode with a “voltage constant” 
of E)/A. 


INPUT Vj OUTPUT 


(a) Ig : 


Fig. 3 
Charging the storage capacitor with feedback to the input 


In order to obtain a general solution of (1) it is convenient to introduce new variables 
x and y such that. 


y = vwE, (4) 
and x= ht/Ck£,. (5) 


These relations signify that the voltages y are measured in units of voltage E) and that 
the time x is measured in units of time C E,/J, which is the time necessary for the 
steady current J, to charge C through the voltage E). Equation (1) is now transformed to 


dy 
ax oP Q,—y—1. (6) 


The general solution of this is 


yo tn(t + feo, +9¢r]—x. . ) 
6 : : 
IV. Charging errors. ' 


Let us first consider rectangular input pulses of duration x, and amplitude y,. Then 
the charged voltage y, by integrating equation (7) is 7 


Yo = Vy %y + In {exp (x) + exp(—y,)) + 1]. , (8) 


Therefore 
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it aie : (9) 
dy {exp (x) —~ 1} exp () ° 


The right hand side of equation (9) gives the fractional change of channel width at 
any input amplitude y,. The channel width increases for small amplitudes. Table I 
shows the percentage error in channel width for 1 ys input pulses of small amplitudes, 
when C = 400 pF, J) = 1 A and for values of Ey of 25, 50 and 80 mV respectively. 
The case E, = 25 mV represents the use of a germanium junction diode. It is seen 
that for input pulse amplitudes of 175 mV or higher the channel width will remain 
within 1°% of that of very high channels. The case E) = 50 mV was calculated to 
demonstrate the effect of putting two such diodes in series in the charging circuit. 


TABLE I 


PERCENTAGE ERROR IN CHANNEL WIDTH AS A FUNCTION OF “VOLTAGE 
CONSTANT” OF DIODE AND PULSE AMPLITUDE FOR RECTANGULAR PULSES 


os 4|s5s|e6f}2i{s 49 4 10 

Eo = 25mV a amplitude 100 | 125 | 150 | 175 | 200 | 225 | 250 
my) 

x1 = 0.1 Excess channel 174 | 64 | 23 | 087 | 0.32 | 0.12 | 0.04 


width (%) 


(mV) 
x1 = 0.05 Excess channel 


width (°%) 13.1 | 4.85 | 1.77 | 0.66 | 0.23 | 0.09 


Eo = 80mV_ Input amplitude 
(mV) 


x; = 0.032 Excess channel 
width (%) 


400 | 480 | 560 | 640 | 720 | 800 


20.8 | 7.6 2.8 1.05 | 0.37 | 0.13 


Ey = 50mV_ Input amplitude : 250 | 300 | 350 | 400 | 450 | 500 


It is seen that the percentage error is approximately twice that for a single diode 
even for pulses of twice the amplitude. Thermionic diodes can be assumed to have an 
E, of 80 mV and the last set of figures in Table I show that in this case the pulse 
amplitudes should exceed 640 mV in order to keep the channel-width error to less 
than 1%. 


It is seen from (5) that, for a given input pulse width, x, increases as Jy is increased 
or C is decreased. It then follows from (9) that the percentage error at any given small 
input pulse amplitude will be smaller for a larger J) or smaller C. However there is 
a limit to such an increase in J) or decrease in C set by the maximum permissible droop 
in the stored waveform after the end of the input pulse. In those analysers where the 
reference waveform consists merely of the discharge of the storage capacitor by Ip 
the value of J)/C is fixed by the channel width as determined by the period of the channel 
selecting pulses. Hence we arrive at the interesting result that, having selected a particular 
type of diode for charging the capacitor and a value for the slope of the reference 
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waveform, the channel-width error, owing to charging inaccuracies with a given pulse 
width, is invariant. In the analysers of the above type the channel width is reduced by 
decreasing J, keeping C constant. Then the channel-width error at any given small 
input amplitude increases as the channel width is reduced. It is also seen from (9) that 
channel-width errors decrease with increasing pulse width. 

A common pulse shape is that obtained by integrating a step input with a time 
constant t, and differentiating with another time constant t,. The integral in (7) cannot 
be evaluated except by numerical methods for such a pulse shape. However it can be 
shown (5) that the result is closely equal to that obtained with a parabolic pulse given by 


2 
y= Yo Gee =} (10) 


If we denote by yg the voltage obtained by extrapolating to x = 0 the linearly falling 
voltage that exists on the capacitor long after the pulse ends, it can be shown that 


sae 
yy=Atxy +7 + in V2)—4m¥. ; (11) 
0 
By differentiating we obtain for the fractional error in channel width 
dy, 1 
O_o = . (12) 
dyy 2¥,—1 


These results are correct so long as 
¥,>1 and x, <1, 


i.e. for input-pulse amplitudes much greater than the ‘‘voltage constant” of the diode 
and pulse widths much smaller than the characteristic time CE/J, of the storage circuit. 
An interesting feature of (12) is that it is independent of the pulse width x,. It is seen 
from Table II which shows the channel-width error obtained from (12) that there is 
considerable error in this case over much larger input amplitudes than in the case of 
rectangular input pulses. 


TABLE IT 


PERCENTAGE ERROR IN CHANNEL WIDTH AS A FUNCTION OF PULSE AMPLITUDE 
FOR RC-SHAPED PULSES 


Yo 5 | 0 | a | a0 | 40 | so | 10 


| 


Excess channel width (%) | 11.1 | 5.26 | 2.56 | 1.70 | 1.27 


V. Effect of resistance-shunting storage-capacitor 


Suppose that a resistance R is connected from the storage capacitor to a voltage — Vp 
and that the stored voltage is positive. After being charged to a peak amplitude v, 
the voltage on the capacitor will droop and the equation governing the instantaneous 
voltage v on the capacitor after time ¢ is 
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y= (v, + Vo) exp (.) ani, (13) 
0 


where Ty = CR. 


Let us first consider the case where the reference ramp or staircase is started immediately 
after the receipt of pulses. Then the time ¢ for reaching balance is proportional to the 


F . dv : 
channel number, and hence to the input pulse amplitude. Hence ay with t = const. 
y 


gives the channel width at amplitude v, relative to that at ¢ = 0, i.e. at zero amplitude 


; . d t 
of input pulse. Hence we obtain oi exp {—}. 
dv Ty 
If we consider the case ¢ < Ty we obtain 
dy, _f 
dy Eee 


Thus the fractional channel width excess is t/T). Therefore the last channel (N) is greater 
100 T 
than the first by 


0 
reference waveform is generated by discharging the storage capacitor through y, volts 


°’ where T is the time for N channel selecting pulses. When the 


a, a ; : : . 100¥ 

in time ¢ it can readily be shown that the excess channel width is = °%. Thus when 
0 

a 10-V range of pulses is being analysed the excess channel width of the last channel 

is 1% when Vy = 1000 V. It is clear that some means of compensating for this by 

introducing a suitable correction waveform into the balance detector has to be employed. 


In the case of the analysers in which the reference ramp is free running this droop 
results in a fluctuation in the channel boundary, for random input pulses, of (v, + Vo) rl 
0 


where v, is the input amplitude corresponding to that boundary. 


VI. Converter using secondary emission pentode 


The block schematic of the essential parts, which have been described elsewhere [4], 
is shown in Fig. 4. The gate in the input circuit is normally open so that the capacitance 
consisting of C, in series with C, is charged by the dynode current when a pulse is 
received. After the peak of the pulse the input gate is closed and pulses of charge are 
applied to C, thus generating a negative-going staircase. The number of pulses of charge 
required to bring the output of the difference amplifier back to its steady state is the 
digital number representing the pulse amplitude. The charging system is similar to 
that shown in Fig. 3(b). The effective “voltage constant” of the equivalent diode is 
50 mV and the characteristic time constant CE)/J) is 33 us. Plots of channel width 
as a function of channel number in the converter type 1524 which uses this system for 
rectangular and RC shaped pulses are shown in Fig. 5. The agreement between these 
experimental results and the predictions from equations (12) and (9) are good to within 
a factor 2 in terms of percentage error except for shaped pulses with amplitudes less 
than 1 V. The discrepancy at small amplitudes is due to many other factors in this 
converter. 


METHODS OF REDUCING ERRORS IN AMPLITUDE-TO-DIGITAL CONVERTERS 19 


One of the problems concerning the analysis of pulse amplitudes is the application 
of back bias. The conventional method consists of clipping the input pulse. This method 
has the advantage of not imposing any dead time on unwanted small pulses. However 
it is susceptible to two sources of error. First, pulses which occur before a previous 
pulse has died down will be recorded in the wrong channel. Secondly, the stability 
of channel boundary will be affected by drifts in the clipping circuits. In the converter- 
type 1524 all pulses are charged by the system shown in Fig. 4 and back bias consists 
of a subsequent removal of a fixed amount of charge from the storage capacitor before 
application of the reference staircase. This overcomes both the difficulties mentioned 
above since a fixed paralysis time can be applied even on rejected undersize pulses 
and the subtraction of charge can be carried out very accurately on accepted pulses. 
Consequently the input amplitude defining the boundary between two channels is 
stable to better than 20 mV over long periods even when a back bias of 20 V is applied. 
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Fig. 4 
Schematic of converter using secondary emission pentode 
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Fig. 5 
Channel-width measurements on type 1524C converter (secondary emission pentode) 


VII. A new converter using transistors 


A simplified circuit of the essential parts of the converter is shown in Fig. 6. In the 
steady state a small standing current I flows to the collector of J; and the collector 


2* 
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potential is held at a suitable value negative with respect to the base by using the 
appropriate value of R,. The collector current of J,.is about 1 mA, all of jt with the 
exception of J, flowing through R,. The collector current of J, is about 3 mA. Since 
R, is much larger than the base input resistance of J, all changes of J, collector current 
effectively flow to the base of J,. Thus changes of emitter current in J, flow to the base 
of J, and appear amplified to the collector of J,. 
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Fig. 6 
New converter using transistors 


J, and J, are normally cut off. They play no part until after the storage capacitor, 
consisting of C, in series with C, (C, being much greater than C,), is charged by the 
input pulse. Then a recurrent square wave is applied to C, with the result that a staircase 
is generated at the junction of C, and C,. Channel selecting pulses appear at J, collector. 


Negative input pulses are applied, through a gate as in the previous case, and for the 
sake of convenience in the analysis it is assumed that voltage pulses are applied through 
R, to the emitter of J,. In practice-negative currert pulsés can be applied, although 
some resistance should be placed in series with the input to facilitate the operation 
of the gate. The voltage on the capacitor is fed back through a cathode follower, in 
order to avoid large leakage currents being applied to the capacitor and to obtain a 
large impedance transformation, and then through Rs (=R,) to J, emitter. If v, is 
the input voltage and v the voltage on the capacitor, the current i through the capacitor 
is given by : 


Pa Ry 

i R, (v¥,— ¥) R, +R (14) 
so long as v, > v, where f is the current gain of J, and R, is the emitter resistance of 
J, at a current i + Jy. Input pulses v, are measured in the negative direction and the 
stored voltage v in the positive direction for convenience. The above equation relates 
the deviations from the static condition and can be simplified if R. < Ry. When 
J) = 1 uA the value of R, in the static condition is nearly equal to R,. However if we 
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R R 
assume that 6 = 40, then R, ~ 70 when vy, —v=0.5 mV and R, ~ iat when 


v, —v=5 mV. It will therefore be assumed that R. < R, during the charging process. 
Thus 


i= z (y,— v) 
Then 
cr-g (15) 
where 
_ Oc, 
+ 


It is evident that equation (15) is identical to that corresponding to the integration of the 
signal v, by a time constant CR,/f. Taking C = 400 pF, R, = 2kQ and f = 40 this 
corresponds to a time constant of 20 ns. Thus the voltage on the capacitor rises as if 
it is equal to the input waveform integrated by the time constant CR,/f so long as the 
input waveform exceeds the capacitor voltage by not less than about 1 mV. When the 
input waveform falls, the transistor J, cuts off and the capacitor voltage droops owing 
to the current J). It is therefore assumed that the capacitor is charged to the peak of the 
input signal so long as the rise and decay times are long compared with 20 ns, say greater 
than about 0.1 ps. 


Back bias is applied as a negative current step to the emitter of J, after the capacitor 
is charged by the input pulse. If the input pulse amplitude is lower than the back-bias 
level the balance detector comes back to or beyond the original level on the application 
of back bias and the pulse is immediately rejected by applying discharge currents to 
C, and C, by circuits not shown in Fig. 6. 


It is also desirable to reject all pulses whose amplitudes are greater than the maximum 
covered by the analyser with the shortest possible delay. This is achieved by applying 
to the emitter of J,, immediately after the back-bias step, a negative current pulse, 
called the top-level pulse, whose amplitude is equal to the difference between the maximum 
and minimum amplitudes covered by the analyser. If, for example, the range of analysis 
is from 10 V to 15 V, the back-bias step is equivalent to 10 V referred to the input 
and the top-level pulse is equivalent to 5 V. If this top-level pulse brings the collector 
of J, up to or beyond its static potential the analysis is continued. If not the capacitor 
is restored to its normal potential and the pulse is rejected. During this top-level search 
pulse a gate at the collector of J, prevents J, coming into conduction. These methods 
of application of back bias and top-level rejection are inherently quite accurate and 
are not subject to any appreciable drifts. 


An interesting consequence of the above method of application of bias is that further 
bias steps of any desired amplitude can be easily applied at any time after the staircase 
waveform has started. Therefore steps of given amplitude can be applied whenever 
the channel selecting pulses reach certain predetermined numbers. Thus, if a step of 3.V 
is applied when the channel number reaches 30 and if the channel width is 100 mV, then 
all pulses in the amplitude range 3 V to 6 V will be counted in channel 31. Pulses greater 
than 6 V will be analysed with the same channel width as that before channel 30 was 
reached. Thus pulses belonging to any part of the spectrum which does not need analysis 
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can be counted in 1 channel. This enables a detailed analysis to be made of small regions 
of the spectrum using an analyser with a limited number of channels and can considerably 
reduce the complete time for an experiment. A spectrum covering 0 to 25.6 V, analysed 
in a 256-channel analyser of the normal type with a channel width of 100 mV, is shown 
in Fig. 7(a). The effect of applying a step of 3 V at channel 100 and a further step of 
10 V at channel 167 and reducing the channel width to 30 mV is shown in Fig. 7(b). 
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Effect on resolution of elimination of unwanted regions of the spectrum 


Plots of channel-width error as a function of a channel number using the new converter 
with rectangular 1-us pulses for two different channel widths are shown in Fig. 8. The 
effect on channel-width uniformity of the application of 10 V back bias with a channel 
width of 18 mV is shown in Fig. 9. The channel-width uniformity, when using shaped 
pulses which were integrated with 1-vs time constant and differentiated with 2-us time 
constant, is shown in Fig. 10. In the cases where back bias is not applied there are only 
two channels below those shown in the plots in which any counts are registered. The 
channel width of the first of these is determined by the gain round the feedback loop 
and the effective threshold of the balance detector. The width of the second channel 
is somewhat variable and the cause of this has not been established. The theory predicts 
that a high degree of uniformity of channel width should be obtained down to about 
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Fig. 8 
Channel-width. measurements of new converter; l-»s rectangular pulses 


METHODS OF REDUCING ERRORS IN AMPLITUDE-TO-DIGITAL CONVERTERS 23 


10 mV of input-pulse amplitude. Owing to various deficiencies in the present apparatus, 
particularly that connected with supply lines, it is not possible to confirm this and 
further experiments to prove the theory are in progress. The reason for the serious 
non-linearity in the early channels when back bias is applied, as shown in Fig. 9, is not 
fully understood.* Since the maximum pulse amplitude that can be handled is a little 
over 20 V, limited by voltage ratings of J; and Jj, it is seen that a dynamic range of 
well over 100 to 1 in pulse amplitude can be analysed with a channel-width accuracy 
of better than 1%. 
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Fig. 9 
Effect of high back bias and narrow channel widths of the new converter 
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Fig. 10 
Channel-width measurements on new converter with 1-ps RC-shaped pulses 


VIII. Testing converters for accuracy and stability 


Neglecting the gating facilities, two of the most important aspects of a converter 
are channel-width uniformity and the stability of the boundary between two adjacent 
channels in terms of input-pulse amplitude. Methods for automatic checking of these 
parameters have been in continuous use at the Atomic Energy Research Establishment 


* It has been established that this non-linearity is due to storage in insulators supporting the 
components at the collector of J3 and has been eliminated with improved insulators. } 
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(AERE) over the past year. The basic pulse generator uses a mercury-wetted relay and 
produces RC-shaped pulses at 50 counts/s of amplitude equal to half the reference voltage 
supplied to it. In order to check channel-width uniformity the reference to the pulse 
generator is a repetitive slow triangular waveform covering the appropriate range of 
voltages. This sweep waveform is generated by means of a high-gain amplifier which 
uses one electrometer valve at the input stage and transistors elsewhere and has a feed- 
back capacitor into which constant currents of opposite sign are switched alternately. 
The slope of the triangular waveform is sufficiently constant and stable to enable channel- 
width errors of 0.25% to be readily detected. It is essential for the frequency of the 
pulse generator to be constant during any one sweep. If the slopes of the sweep waveform 
in the two directions and the frequency of the pulse generator are known to a sufficient 
degree of accuracy absolute channel widths can also be determined. The measurement 
consists merely in running this sweeping pulse generator for a predetermined number 
of sweeps and then automatically reading out the counts registered in each channel. 
The channel width V, is given by 


V.= __NPiP2 
Knf(p, + Po) 


where N = counts registered in the channel, 


P, = slope of positive going scan waveform, 

P2 = Slope of negative going scan waveform, 

K = ratio of reference voltage applied to the pulse generator to the actual 
pulse amplitude, 

n = number of complete to-and-fro scans, 

f = frequency of pulse generator. 


An alternative pulse generator, using transistor clamps operating on the sweep wave- 
form, is used to generate rectangular pulses which can then be at a higher frequency 
in order to reduce the time of the measurement. Typically each of the plots in Fig. 8 
can be obtained in about 10 min. It is also possible to trigger the transistor pulse generator 
from external random pulses. This test will reveal other sources of error in the analyser 
such as dependence of counting loss on pulse amplitude. 

Channel-boundary stability is checked by using the relay-pulse generator with a 
fixed reference voltage equal to that necessary for the particular channel boundary 
being studied. In the analyser-type 1524 separate outputs are available at each channel 
whenever a count is being registered. The output pulses from the higher of the two 
channels are fed to a counting-rate meter and the mean output of the counting-rate 
meter is fed back as a small reduction of the reference voltage to the pulse generator. 
Initially the fixed part of the reference voltage is adjusted so that the counting-rate 
recorded is 25 counts/s. If there is adequate gain in the counting-rate meter the changes 
in voltage feed-back from the counting-rate meter as reference to the pulse generator 
will be equal to the changes in channel boundary multiplied by K, which, in the case 
of the relay-pulse generator, is 2. 
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DISCUSSION 


R. Wahl (France): According to the curves presented it would seem that the first 
5 to 10 channels of all the converters have a considerable fault in the linearity. We 
follow a method in which a pedestal is added to the pulse, its amplitude being adjusted 
to correspond to 10 channels. The address scaler is so arranged that the first 10 pulses 
need not be counted. Do you think this method is of value, despite the fact that it takes 
5 us per pulse for a 2-Mc converter? Or do you think it is possible to build converters 
which are linear in the first channels? 


K. Kandiah (United Kingdom): Our converter is completely uniform from channel 10, 
which with a channel width of 18 mV corresponds to an input pulse of 180 mV. This 
particular converter in fact has no zero error, and channel 0 corresponds to zero input 
pulse amplitude. The actual converter itself has not yet been stretched to the limit 
because we found by theoretical analysis, only very recently, that it is capable of very 
high linearity down to much smaller amplitudes than 180 mV. We hope to extend it 
further, and if it proves to be uniform down to a few tens of millivolts, as we expect, 
then it may not be necessary to adopt the technique that Mr. Wahl was suggesting. 


E. Gatti (Chairman) (Italy): I would like to ask Mr. Kandiah’s opinion about the 
method of adding a step to thé pulse to be analysed in order to remove the non-linearity 
in the very low channels. 


K. Kandiah: This is complementary to the question Mr. Wahl asked. I certainly 
agree that it would always help to add a step in order to get a wider dynamic range. 
We feel, however, that the dynamic range we have obtained with the converter is probably 
quite adequate for any existing radiation detector, though for a radiation detector 
with even better resolution and lower noise performance it would be necessary to 
employ this technique of adding a step, to be able to go down to perhaps a few unit 
millivolts of input pulse. 
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' Abstract — Résumé — Annoranaa — Resumen 


Charge-storage techniques for pulse-height analysis. The low-duty cycles of many pulsed 
accelerators make high pulse rates necessary within the bursts in order to accumulate adequate 
data in a reasonable time. Not only do economic factors, as influenced by expensive machine 
time, dictate the use of high pulse rates, but purely technical considerations often make experi- 
ments unfeasible unless the pulses per burst are so numerous as to exclude the use of conventional 
pulse-height analysers. For these reasons much effort has been devoted to the development 
of high-speed pulse-height analysers for use with pulsed accelerators. Much of this work has 
been directed toward producing what we term a ‘“‘charge-storage analyser” based on work 
conducted at the National Bureau of Standards. We have developed a charge-storage analyser 
that operates with the NBS 180-MeV synchrotron on a nuclear-absorption experiment for 
which the obstacles would otherwise be formidable. The analyser uses temporary electrostatic 
storage for the accumulation of pulse-height data during the machine bursts. During the dead 
intervals between bursts the contents of the temporary storage are analysed and transferred 
into a conventional magnetic core memory. The use of this technique for nanosecond pulses 
jis discussed and data is presented to show its. feasibility. 


: Techniques de stockage électrostatique pour Panalyse en amplitude @impulsion. Comme la 
partie du cycle de travail effectivement utilisée dans un grand nombre d’accélérateurs nucléaires 
pulsés est trés faible, il faut employer des fréquences de répétition élevées pendant les bouffées, 
si ’on veut accumuler suffisamment de résultats en un temps raisonnable. Non seulement les 
facteurs économiques — influencés par l’importance du temps de fonctionnement d’une machine 
cotiteuse — imposent des fréquences de répétition élevées mais les expériences sont bien souvent 
irréalisables pour des raisons purement techniques, 4 moins que Je nombre d’impulsions utilisées 
ne permettent de se passer d’analyseurs classiques des amplitudes d’impulsion. C’est pourquoi 
on a déployé de grands efforts pour mettre au point des analyseurs d’amplitude trés rapides 
destinés 4 étre couplés avec des accélérateurs pulsés. Une grande partie de ces travaux a été 
orientée vers la construction de ce que l’on peut appeler un analyseur avec stockage électro- 
statique des informations, celui-ci étant fondé sur des études entreprises par le National Bureau 
of Standards des Etats-Unis. Les auteurs ont achevé la construction d’un analyseur avec stockage 
électrostatique des informations qui est 4 présent utilisé avec le synchrotron de 180 MeV du 
NBS dans les expériences sur l’absorption nucléaire qui, faute de cet appareil, souléveraient 
des difficultés quasi insurmontables. Il utilise un mémoire électrostatique temporaire pour 
accumuler des données sur l’amplitude des impulsions pendant les bouffées de l’accélérateur. 
Pendant le temps mort qui s’écoule entre les bouffées, les données stockées dans la mémoire 
temporaire sont analysées et transférées 4 une mémoire 4 tore magnétique de type classique. 
Lés auteurs décrivent cette technique et présentent des données démontrant qu’elle est 
applicable aux impulsions du domaine de la nanoseconde. 


Mero] HaAKOMNeHHA 34p1a DIA AMIINTYQHOrO aHaJIn3a HMIHYJIbCOB. Hy3kne pa6oune QMKJIbE 
MHOTFHX MMMUYJIbCHBIX YCKOpHTeseH elatoT HeOOXOAMMBIMM BBICOKWe YaCTOTHI CAC qOBAHHA 
MMIMYJIECOB BO BCIIBIMKAX IIA c6opa HOCTATOYHBIX JAHHBIX B TeYeHHe pa3yMHoro nlepvowa 
BPpeMcHH. He TompKo coo6paxenHa 3KOHOMHUH, Ha KOTOPBIC BIIMACT NOPOTOCTOALICe MalIMHHOe 
BPeMA, 3aCTABIIAIOT HCIOJIB3Z0BaTb BbICOKHe YaCTOTHL CJICHOBAHHA HMIIYJIbCOB, HO HM UMCTO 
TexHMyeckue cooGpaxeHHa yacTO elalOT He€BO3MOXHbIMH 3KCMEPHMeHTHI, eC YwacrotTa 
clleqoBaHHA MMIMYJIbCOB Ha BCIIbINIKY HeEAOCTaTOYHO BeIMKa AIA TOO, YTOObI MCKMIOUWTb 
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UCHONb3OBAHMe OObIMHbIX aMIVIMTYIHEIX aHanM3aTopos ummysecos. To »xr1m mpHunHam 
MHOTLO YCUIIMH yeeHO paspa6oTKe BBICOKOCKOPOCTHBIX AMIMJIMTYHBIX aHasIM3aTOPOB HMITYIb- 
COB AUIA MCHONb30BaHHA C MMITYIbCHBIMH YCKOPHTeIAMY. 3HAYMTebHaA YaCTL 9TOH paboTHI 
Obia HalpaBnena Ha CO34aHe TOTO, ITO MbI Ha3bIBAeM ,,aHasIH3aTOPOM HakoneHuA 3apaga“, 
OCHOBaHHOTO Ha padoTax, NpoBOqMMbIX B HamonanbHom Gropo craHyaptos. Msi 3aKOHYMNH 
co3sqaHue aHalM3aTopa HaKOMWJIeHMA 3apsayja, KOTOPbIM 9SKCIIvaTMpyeTcaA 11a CHHXpoTpoHe 
Hauvonanbuoro 6ropo crawgapros MoulHOocTbO 180 M9B MpH npoBeyeHuH 93KCHepuMeHTa 
no sgepHo a6cop6umu, Ha MYTH OCYLIeCTBIeHMA KOTOporo, B MHOM Cily4ae, BCTpeTHNHCE 
6bI orpomuEIe TpyqHOCTH. AHasIM3aTOp HCHOuE3YeT BpeMeHHoe IWIeKTPocTaTHYecKOe HAKOMWNeHHe 
Aaa cOopa DaHHbIX 10 aMIUIHTY€ MMMYIBCOB BO BpeMaA MalIMHHBIX BCTBIUIeK. Bo Bpema 
MEPTBEIX HHTEpBaJIOB MeXTY BCIBIMIKAMH COMepxKaHve BPeEMeHHOFO HaKOMIeHuA aHaNUB3Hpyerca 
M lepeBOAUTCa B OOLIUHOe HakOMMeHue B MarHHuTHBIX cepoewHuKax. O6cyxmaeTcs MCHONb30BaHHeE 
3TOrO MECTOa DJIA HaHOCeKYHOHBIX MMITYJIBCOB H MpevCTaBeHbI WaHHbie, NOKa3bIBaOWHe ero 
OCYLUeCTBHMOCTD. 


Técnicas de almacenamiento de cargas para andlisis de amplitud de impulsos. Los bajos ciclos 
de trabajo de muchos aceleradores nucleares pulsantes obligan a que la densidad de impulsos 
sea muy elevada en cada rdfaga a fin de poder reunir suficiente numero de datos en el menor 
tiempo posible, no solamente porque el funcionamiento del acelerador es oneroso, sino que, 
por motivos técnicos, muchos experimentos sdlo son realizables si la densidad de impulsos 
por raéfaga es sumamente elevada, hasta el punto que excluya el uso de analizadores tradicionales 
de amplitud de impulsos. Por estos motivos fundamentales se han dedicado considerables 
esfuerzos al desarrollo de analizadores ultrarrapidos para emplearlos con aceleradores pulsantes. 
Gran parte de estos trabajos tuvieron por objeto la construccién de lo que los autores Ilaman 
un «analizador de almacenamiento de cargas» que se basa en investigaciones realizadas en el 
National Bureau of Standards (NBS). Los autores han construido un analizador de almacena- 
miento de cargas que se est4 empleando con el sincrotrén de 180 MeV del NBS en un experimento 
de absorcién nuclear que, sin ese aparato, presentaria obstdculos considerables. El analizador 
almacena temporalmente por medios electrostaticos los datos de amplitud de impulsos durante 
las rdfagas del acelerador y en los intervalos entre rafagas, analiza el contenido del almacena- 
miento temporal, para pasarlos seguidamente a una memoria convencional de nucleo magnético. 
Los datos presentados confirman la posibilidad de emplear esta técnica para impulsos del orden 
del nanosegundo. 


I. Introduction 


The low-duty cycles of many pulsed high-energy accelerators make high pulse rates 
necessary within the bursts in order to accumulate adequate data within a reasonable 
time. Not only do economic factors, as influenced by expensive machine time, dictate 
the use of high pulse rates, but purely technical considerations often make experiments 
unfeasible unless the pulse rate per burst is so great as to exclude the use of conventional 
pulse-height analysers. For these very compelling reasons a good deal of effort has been 
devoted to the development of high-speed pulse-height analysers for use with pulsed 
accelerators. It has been recognized that an economical solution to this problem might be 
provided by a temporary storage device that holds the pulse-height information until 
the dead interval between bursts of the accelerator provides an opportunity for leisurely 
analysis and the cataloging of the data. Much of the effort along this line has been 
directed toward producing what we term a “charge-storage pulse-height analyser’ 
based on work conducted at the National Bureau of Standards. Work on such analysers, 
in which the data is stored as electrostatic charge on the phosphor of a cathode-ray 
tube, has been reported in several articles [1—6]. 

In. the original work on charge-storage analysers, CUNNINGHAM [3] demonstrated 
the feasibility of the technique though he limited his analysis to one pulse per burst. 
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Reaves [4] proposed a television-type sweep-raster for analysing several pulses per 
burst and the use of Williams tube electrostatic permanent storage. The output is 
inherently integral and involves numerous decisions by the analyser compared to the 
number of pulses to be analysed. The excessive decisions required and the short time 
available for each sweep are serious shortcomings of this system. 

Pieper [5] reported work, which has since been terminated, on a charge-storage 
analyser rather similar to the one that we have developed. 

KanpiAH [6] has used a barrier-grid tube in which the secondary electrons emitted 
from the phosphor are collected by a grid that is quite close to the phosphor. A barrier- 
grid tube is inherently capable of storing a large amount of information since the 
collection of the secondary electrons by the grid limits the disturbance of areas adjacent 
to the stored charge. 


II. Description of charge-storage analyser 


The charge-storage analyser developed at the National Bureau of Standards is a 
200-channel instrument with a time resolution of about 2 ys [1]. It is intended for use 
with NaI (T)) scintillation spectrometers operated in conjunction with the NBS synchrotron 
and betatron. Operating experience indicated the need for some changes which have 
been made. The modified instrument has now been in operation for some time and its 
performance has been highly gratifying. The operation of this analyser will be described 
with reference to Figs. 1 and 2. The pulses to be analysed are applied to the vertical 
deflection-plates of a SAD cathode-ray tube with Pl phosphor. As the electron beam- 
spot traverses the phosphor it ejects secondary electrons, leaving a line of charge on 
the phosphor. A pick-up plate made of a thin transparent plastic, on which a semi- 
transparent layer of nickel has been evaporated, is secured to the outside face of the 
tube. This plate serves as one plate of a capacitor and the tube phosphor as the other 
plate. During the dead interval between bursts an ‘“‘analyse” ramp is applied to one 
of the vertical deflection-plates, sweeping the electron beam over the phosphor. As 
the electron beam sweeps past the charge discontinuity corresponding to the top of 
the pulse that had been stored, the change in phosphor potential is capacitatively 
coupled through the pick-up plate to a pick-up-plate amplifier. It will be noted from 
Fig. 2 that the time-interval from the beginning of the analyse ramp to the output 
pulse is a linear measure of the amplitude of the stored pulse, a short interval correspond- 
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Fig. 1 
Cathode-ray tube used as charge storage-type pulse-height analyser 
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ing to a high-amplitude pulse and a long interval to a low-amplitude pulse. The pulse 
amplitude has thus been converted to a time duration and is handled as in other pulse- 
height-to-time conversion analysers and stored in a magnetic-core memory [7]. 


Fig. 2 
Charge-storage system showing storage and analysis of nine pulses. The analyse ramp detects 
thé charge discontinuity at the top of the stored pulse. The time interval At is a linear measure 
of the amplitude of the stored pulse; a short interval corresponding to a high amplitude pulse 
and a long interval to a low amplitude pulse. The analyse ramps are along the same vertical 
lines as the stored pulses. but start at the top of the tube whereas the stored pulses start at 
the bottom 


The storage and analysis of nine pulses during a burst are shown in Fig. 2. After 
a pulse has been'stored, a staircase generator steps the electron beam a fixed amount 
horizontally to a position where it awaits the next pulse in the burst. After receiving 
a number of pulses equal to the capacity of the staircase generator during a burst, 
the analyser is unreceptive to additional pulses in the same burst. 


During the dead interval between bursts, analyse ramps, positioned horizontally 
by the same staircase generator used in storing the pulses, sweep the tube as shown 
in Fig. 2. Whereas the pulses stored on the phosphor are written from bottom to top, 
the read ramp starts at the top and sweeps down to detect the charge discontinuity 
corresponding to the peak of the stored pulse. 


_ The staircase generator capacity in the analyser that. is in operation was selected 
to be nine per burst since this was conveniently obtainable and was adequate for the 
purpose. A greater capacity is, however, entirely feasible. The loss in counts due to 
limiting the staircase capacity to nine is about 1% at an average pulse-rate of 5 per burst, 
assuming a random distribution in time. Reference [1] includes a curve from which 
one can readily determine the loss at other pulse rates. The derivation is also included 
so that similar curves can be constructed for other staircase capacities. 


Ill. Storage mechanism 


The actual storage mechanism is quite complex. However, the following simplified 
picture presents the salient points. The SADPI tube used is operated with the anode 
and the post accelerator (which serves as a secondary electron collector) at ground 
potential and the cathode at minus 1630 V. With this accelerating potential the ratio of 
secondary electron emission to primary electrons is greater than unity. After the reading- 
sweep pattern has been applied to the phosphor several times, the equilibrium charge 
pattern along a reading sweep is as shown in Fig. 3 [8]. 
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Fig. 3 
Equilibrium-charge pattern along reading sweep on CRT phosphor 


During the write period the collector (post accelerator) potential is made about 
80 V positive to collect the secondary electrons from the phosphor. When a pulse to be 
analysed is applied to the deflection plates of the CRT an intensifying pulse is applied 
to the CRT grid and the electron beam is swept along the same path covered by the 
reading beam. Since the secondary electrons are removed by the collector and are thus 
prevented from falling back on to the phosphor, the phosphor becomes more positively 
charged along the path travelled by the beam as shown in Fig. 4. 
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Fig. 4 
Charge-pattern along pulse-write sweep on CRT phosphor 


When the next read-sweep traverses this path, the collector is again at ground potential. 
While the beam is travelling along the portion of the path not altered by the previous 
write-pulse, on the average one secondary electron must escape for each incident primary 
electron since these portions of the phosphor are still charged to the equilibrium potential. 
When the beam encounters the portions of the path which were charged to a potential 
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higher than the equilibrium potential by the write-pulse, most of the secondary electrons 
fall back on the path, thereby removing more than 90% of the stored signal. This change 
is capacitively coupled to the pick-up plate attached to the face of the CRT, and the 
sharp discontinuity at point “A” in Fig. 4 is used to signal that the ramp has reached 
the peak of the stored pulse. The potentials applied to the SADPI CRT are shown in 
Table I. 


TABLE I 
SADP1 CRT VOLTAGES WITH RESPECT TO CATHODE 


During store During analyse 
Ist anode 1630 1630 
Post accel. 1630 + 70 1630 +0 


Grid —50* —S50** 


* —20V during writing of a pulse 
** —_35V during read ramps 


IV. Modifications to the early analyser 


Single-ended deflection of the vertical plates on the NBS analyser was abandoned 
in favour of push-pull deflection because of the trapezoidal distortion and defocusing 
encountered with single-ended deflection. The analyser also exhibited base-line shift 
and a scattering of spectral data points that exceeded predicted statistical fluctuations. 

The base-line shift problem was eliminated by highly stabilizing the pc levels where 
the pulses to be analysed and the analyse ramps are mixed. The scattering of the spectral 
data was attributed to numerous small imperfections in the phosphor. In order to 
average out these imperfections a “‘wobbler” circuit has been added which slowly moves 
the entire read and write pattern up and down the phosphor, covering the equivalent 
of about 30 channels over a one-minute cycle. This has reduced the scattering to 
within statistical expectations. The reading error introduced by the wobble is less than 
4% of a channel. 


V. Spectra obtained 


Figs. 5, 6 and 7 represent data taken with the analyser. Fig. 5 is a spectrum of scattered 
radiation from a synchrotron with a 100-ys burst duration. The curve, taken at a pulse 
rate of 5.6 per burst, matches well the circles that represent data taken at one pulse 
per burst, normalized at the peak. Fig. 6 is a caesium-137 spectrum. It will be noted 
that the energy zero is at the right since reading down to the peak of the pulse, as shown 
in Fig. 2, gives the complement of the pulse height. 

Fig. 7 shows a 90-MeV bremsstrahlung spectrum transmitted through 350 cm of 
water. The dip due to oxygen nuclear absorption is clearly indicated. This is raw 
uncorrected data taken with the charge-storage analyser using the spectrometer described 
by ZIEGLER et al. [9]. Excellent statistics and high stability are required in experiments 
.of this type to show the details of the nuclear absorption dip. Whereas such data are 
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Spectram of scattered radiation from synchrotron beam taken with charge-storage analyser. 
The solid curve was taken at 5.6 pulses per burst. The circles represent data taken at one pulse 
per burst, normalized at the peak for comparison with the solid curve 
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Fig. 6 
Caesium-137 spectrum taken with charge-storage analyser. The 32-keV barium X-ray peak 
is at the right and the 662-keV caesium peak at the left 


accumulated in about two days with the charge-storage analyser, it would require 
about two weeks with a conventional analyser, assuming that a conventional analyser 
would remain sufficiently stable for that length of time. 


VI. Nanosecond pulse analysis 
The charge-storage technique lends itself to use with much faster pulses than the 
$-vs pulses currently being used. The data in Fig. 8 has been presented previously to 


show the potentialities of this method of pulse-height analysis for nanosecond pulses [2]. 
This data was taken with a SADPI CRT which is not an ideal tube for such fast pulses. 
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Fig. 7 
Raw data for 90-MeV bremsstrahlung spectrum transmitted through water, showing oxygen 
nuclear absorption 


The ordinate represents direct measurement on film of the location of the zero crossover 
of the pick-up-plate output pulse. Linearity is good for pulse durations exceeding 5 ns. 
When replotted as a function of actual input amplitude, rather than pulse-generator 
reading, the curves for the 2, 5 and 25-ns pulses are essentially coincident over much 
of their range. The resolution that is obtainable is of course dependent on the signal- 
to-noise ratio, which is much poorer for nanosecond pulses than for wider pulses. 
An idea of the signal-to-noise ratio can be obtained from Fig. 9, which shows the 
output of the pick-up plate for a 5-ns pulse. It should be noted that, since the slope 
of the pulse, not its magnitude, is of primary interest, the pertinent signal-to-noise 
ratio is not directly determined from this Figure. 
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Fig. 8 
Response of SADP1 CRT for nanosecond pulses 
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Fig. 9 
Output of pickup plate with SADPi CRT for a 5-ns pulse. Vertical scale 1/8 MV/division. 
Horizontal scale 5-)s/division 


Our current interest in charge-storage analyser techniques is for pulses with durations 
of 10 to 50 ns. With 10-ns pulses a time-resolution of 40 ns should be feasible. For 
high-speed operation we plan to use a tube with distributed vertical plates of 450-Q 
impedance. We are planning to investigate the use of a CRT in which the pick-up 
plate will be on the inner surface of the glass with the phosphor deposited directly over the 
pick-up plate. The plate will be a semi-transparent coating of tin oxide. If it should 
prove necessary to increase the resistance between the charged phosphor surface and the 
pick-up plate, this can be done by the use of a thin intervening coating of magnesium 
fluoride. 


Our original intention for high-speed pulses was to work single-ended, with the 
pulses to be analysed applied to one of the vertical deflection plates and the read ramps 
applied to the other. However, as pointed out earlier, this causes trapezoidal distortion 
and defocusing. These problems can be eliminated by working push-pull with an arrange- ' 
ment such as shown in Fig. 10. The necessary mixing of the pulse-input circuit and the. 
read-ramp circuit and the matching of the low-impedance distributed plates of the 
CRT cause a considerable loss in ramp amplitude. However, this is nearly compensated 
for by the increased sensitivity of the distributed plate CRT as compared with the SADPI. 

Alternatively, it is possible to run the CRT single-ended with the input pulses and the 
read-ramp mixed on a single deflection plate as shown in Fig. 11. This will result in 
some loss in signal amplitude but will improve in termination and will eliminate the 
need for pulse transformers. 


A high-speed charge-storage analyser will require a consistently fast staircase generator. 
The beam-switching tube-staircase generator currently being used is not suitable for 
this purpose. A series-connected tunnel diode-scaler [10] looks promising for this 
application. 

It is anticipated that the ultimate speed capabilities of a charge-storage analyser 
are greater than can be fully utilized by Nal(Tl) spectrometers since the severity with 
which one can clip the pulses and still retain acceptable pulse-height resolution is 
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Fig. 10 
Circuit for push-pull operation of distributed plate CRT as charge-storage analyser 
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Fig. 11 
Circuit for single-ended operation of distributed plate CRT as charge-storage analyser 


limited by the statistics associated with the photoelectron emission from the photo- 
cathode of the photomultiplier. Although about 1000 photoelectrons are emitted from 
the photocathode per MeV of gamma radiation absorbed in sodium iodide when there 
is no clipping loss [11], the 250-ns rise of sodium iodide [12] results in a drastic reduction 
in this number when the pulses are clipped hard. For this reason, the higher the energy 
of the radiation being analysed, the shorter the time resolution that can be utilized. 
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MHOTOKAHAJIBHAA 3ATIMCb CHEKTPA 

_MMITYJIBCOB HA SKPAHE SJIEKTPOHHO- 

JIYGEBOM TPYBKUM Y AHAJIM3ATOPA C 
@®EPPUTOBOM TIAMATbIO 


Wtapag PymMsEeP 
VucTutyt aqEPHOrO uCCHenOBAHMA UrxocnoBpaykot Axagemuu Hayk, PxEx 
UexocnoBAuKAd COUMAJIMCTHYECKAA PECIYBIIMKA 


Abstract — Résumé — AnnotanHa — Resumen 


Multi-channel recording of a pulse spectrum on the screen of a Williams tube used with a ferrite 
memory analyser. The paper describes a block-diagram of programme circuits with which it is 
possible to obtain a multi-channel trace of an expanded pulse-spectrum analysis on the screen 
of a Williams tube used in combination with a static ferrite memory. 

The conventional methods of direct recording on a Williams tube are in some cases unsatisfactory 
with the type of analyser in question, the trace being insufficiently clear, especially for the analysis 
of intermittent pulse cascades with a low-repetition frequency and a small average number 
of pulses. This is because the information to be read is interpreted in the channel straight from 
the adding circuits and address circuits with direct recording on the screen. The direct recording 
is unsuitable owing to the small average number of pulses and the statistically intermittent 
distribution. 

In this regard, the method proposed is better. The quality of the recording depends neither 
on the shape of the spectrum nor on the pulse-counting rate. This method is used in a 256-channel 
analyser with a ferrite memory of dead-time 15 us. An oscillographic trace, with a period equal 
to that of the spectrum analysis cycle, is produced periodically at a frequency of 50 cycles per 
second. The period of the trace cycle is approximately 4 ms, i.e. 20% of the total duration of 
-the working-cycle of the analyser. In the case of analysers with a smaller number of channels 
and with a memory of shorter dead-time, the time for the oscillographic recording is only a 
few percent of the duration of the working-cycle of the analyser. 


Enregistrement du spectre d’impulsion sur !’écran d’un tube de Williams an moyen d’un analyseur 
multicanal 4 mémoire en ferrite. L’auteur décrit un bloc-diagrammes des circuits de programma- 
tion qui, associés 4 une mémoire statique en ferrite, permettent I’enregistrement multicanal, 
sur l’écran d’un tube 4 rayons cathodiques, du spectre formé par les impulsions a4 analyser. 

Ii est apparu que dans certains cas, les procédés habituels d’enregistrement direct sur un 
tube de ce genre sont imparfaits lorsqu’on utilise un sélecteur du modéle mentionné. Cet 
enregistrement n’est pas assez précis, notamment lorsqu’on analyse des «cascades» intermittentes 
caractérisées par une basse fréquence de répétition et une faible moyenne du nombre des 
impulsions. La raison en est que le déchiffrage de l’information fournie s’effectue dans le canal 
a partir des circuits additionneurs et des circuits «adresse», l’enregistrement se passant directe- 
ment sur l’écran. L’insuffisance de l’enregistrement direct s’explique par la moyenne faible du 
nombre des impulsions et par leur distribution statistique. 

La méthode proposée se révéle dans le cas considéré comme plus satisfaisante; en effet, la 
qualité de l’enregistrement ne dépend ni de la forme du spectre ni de la vitesse de comptage 
des impulsions. Elle est utilisée dans le sélecteur 4 256 canaux dont la mémoire en ferrite présente 
un temps mort de 15 microsecondes. Le cycle de la représentation oscillographique alterne 
périodiquement avec celui de analyse du spectre 4 mesurer, la fréquence de base étant de 50 Hz. 
Le temps nécessaire 4 l’enregistrement oscillographique est d’environ 4 millisecondes soit 20% 
de la durée totale du cycle d’utilisation du sélecteur dans les sélecteurs ayant un nombre de 
canaux plus petit et une mémoire en ferrite 4 temps mort plus court; la durée de l’enregistrement 
oscillographique ne représente qu’un faible pourcentage de la durée du cycle utilisation. 
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3annch ciekTpa HMMYJIbCOB HA 9Kpave 3JieKTpOHHO-JIy4eBoi TpyOKH MHOFOKaHaJIbHOrO aHaJIH- 
3aTopa c deppurosoii namarbro. B yoKnage 6yneT onucaHa GnoK-cxema MporpaMMHBIX Leneii, 
MO3BOJIAIOLAX OCYIICCTBIIATb MHOrOKaHaJIbHYIO 3aNMCb BO3pacTalomjero cieKTpa aHaJiM- 
3HPYeMBIX MMUYIIbCOB Ha 9KpaHe 3IeEKTPOHHO-y4eBOK TpyOKu, B KOMOMHAaLMH CO CTaTHMueCKOu 
dbeppuToBo naMaATbIO. 

O6ujenpunatee cnoco6nr HenocpexCTBeHHOM 3anMcu Ha 3IeKTpOHHO-syyeBO TpyOKe sBIA- 
FOTCH B HEKOTOPBIX CJIVYaAX HECOBEPIICHHBIMM B aHaM3aTOpax vKa3aHHOrO Tuna, 3anMcb 
Oka3bIBAaeTCA HEAOCTATOYHO YeTKOM OcoGeHHO MIpH aHasIM3e BPeMeHHEIX ,,KACKa 0B‘ AMITYJIBCOB 
C HM3KOH YaCcTOTOM NOBTOPeHHA HM C HU3KHM CpeHMM YuCIOM MMnyIECos. [Ipuuunok ABIAeTCH 
TewmposKa OTYMTHIBaeMOK HHopMallW B KaHase NpAMO W3 CYMMMPYIOILIHX Were U M3 
ANPeCHEIX ene C HellocpeycTBeHHOK 3alucbio Ha 9KpaHe. HenpnrogHocTb HellocpeyCcTBeHHOK 
3a0McH Wana HHM3KMM CpeqHHM YMCIIOM HM CTaTHCTHYCCKHM BPeMeHHbIM pacnpeyesleHHemM 
MMIYJIBCOB. 

TIpeqnoxenusiit cuoco6 oxa3biBaeTcA B WaHHOM ciryyae Gomee NPUTOHbIM, KayeCcTBO 3alMCH 
He 3aBHCHT HM OT POPMBI CHeKTpa, HM OT CKOPOCTH C¥eTa UMNYABCOB. OTOT Croco MCHOMb3yeTCA 
y 256-KaHaIbHOro aHanM3saTopa C MepTBLIM BpeMeHeM eppuTOBO! NaMATH, paBHbIM 15 MHKpo- 
cekyuyam. Ljuxn ocuusmorpadwyeckoro wu306paxeHua YepelyeTcA MepvosMuecKku c YacTOTOK 
Mostopenus 50 rij ¢ WHKIOM aHamu3a “3MepsemMoro CeKTpa. Bpema ociMistorpadupoBaHia 
paBHo mpuMepHo 4 MazMceKyHaaM, T.c. 20% o6uje oponomKuTenbHOCTH paSoyero WAKA 
aHanu3aTopa. B anamm3zaTopax C MCHbOIMM YHCIOM KaHaJioB wc Gomee KOPOTKHM MepTBbIM 
BPeMeHeEM NaMATH, BPeMaA OCIIMILIOrpawyeckolt 3aNMCH COCTABIACT JIMLITb HECKO/IbKO MpolleHTOB 
IposoOKUTeNbHOCTH paGoyero WMKIa ananw3aTopa. 


Registro multicanal del espectro de los impulsos en la pantalla del tubo electrénico, en un 
analizador con memoria de ferrita. Se describe un diagrama de conjunto aplicable al establecimiento 
de programas operativos que permiten el registro multicanal de un espectro creciente de impulsos 
analizados en la pantalla del tubo electrénico, en combinacién con una memoria estatica de 
ferrita. 

Los dipositivos comunes de registro directo en el tubo electrénico, en algunos casos, resultan 
imperfectos en un analizador del tipo indicado. Se comprueba que el registro no es suficiente- 
mente claro, especialmente cuando se trata de analizar «cascadas» de impulsos momentaneos 
con baja frecuencia de repeticién y cuyo promedio de impulsos es reducido. La causa reside 
en el dispositivo descifrador de la informacién leida en el canal directamente a partir de los 
circuitos sumadores y de los circuitos direccionales con registro inmediato en la pantalla. La 
ineptitud del registro inmediato es debida al bajo promedio y al tiempo estadistico de distribucion 
de los impulsos. 

El dispositivo propuesto resulta mds eficaz en este caso porque la calidad del registro no 
depende de la forma del espectro ni de la velocidad del recuento de los impulsos. Se utiliza 
este dispositivo en un analizador de 256 canales con una memoria de ferrita cuyo tiempo muerto 
es igual a 15 ys. Los ciclos de la representacién oscilografica alternan periddicamente, con 
una frecuencia de repeticién de 50 Hz, con el ciclo de andlisis del espectro medido. El tiempo 
de inscripcién del oscilégrafo es aproximadamente igual a 4 ms, es decir, un 20 por ciento de 
la duracién ordinaria del ciclo de trabajo del analizador. En analizadores cuyo numero de 
canales es menor y el tiempo muerto de memoria es mas corto, el tiempo del registro oscilo- 
grafico representa apenas un pequefio porcentaje de la duracién del ciclo de trabajo del 
analizador. 


B anann3atropax c deppuToBOl MaMATbIO HenocpeyCTBeHHAA 3aNHCh aHaIM34pyeMOro 
CHeEKTpa MMUYJIbCOB Ha 9KpaHe 3IeKTPOHHOJIyYeBON TpyOKH OKa3bIBacTCA B HEKOTOPbIX 
cmyyasx HecoBeplleHHO. OcoGeHHo pu aHamH3e BpeMeHHBIX ,,KaCKaOB‘ AMIyJIbCOB 
C HM3KOM YaCTOTOM NOBTOpeHuA H C HH3KHM CpeHHM YHCHOM 3allWCb HeqOCTaTOYHO 
yeTka 110 CieAyIOWIMM NpW4vHaM: 3allCb ABJIAeTCA HellocpesCTBeHHOH. OTCUMTEIBAaeMBIC 
Waunpie B KaHane OObIYHO eKOAMPyIOTCA HenocpeyCTBeHHO M3 aJIPCCHbIX MH CyM- 
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MUHPYIODIMX KOHTYPOB H B TOT 2K€ MOMECHT 3alMCbIBaloTcA Ha 93kpane. Mmnyspcei 
3aIIMCbIBaIOTCA Ha 9Kpane B CiyyaliHble MOMEHTHI BPeMeHH, B CpeqHEM Cc HeOoubIHO 
CKOpOCTbIO cy4eTa, Tak 4TO w300paxKaeMBbIii coekTp TpyqHO pa36opyus. IIpu ananu3e 
ceKTpa CHJIbHO HepemMeHHOM UWHTeHCABHOCTH w306paxaeTcH Upexue BCerO 4acTb 
cueKTpa, HMelomjad HaHOObDIyIO MHTCHCMBHOCTh, B TO BPpeMA KaK OCTAJIbHBIe WeTau 
W3MepxHeMOrO cHeKTpa OCTakOTCA HeOcTaTOYHO OTYeTMMBbIMM. JIA Toro, 4TOOEI 
CHeaTb CeKTp 4YeTKHM, MPVXOAMTICA OCTaHOBATb W3MepeHHe WM MepeKJOYHTE aHasu- 
3aTOp B TIOMO%KeHHE ,,OCIMINOCKONMYeCKad 3anMch’. Oty onepauHIo HeoOxoHMO 
HECKOJIbKO pa3 NOBTOPHTh, eC NapaMeTpbl CieKTpOMeTpa HelipaBHIbHO HaCTPOeHEI. 

TIpequaraempri cnoco6 He wMeeT IPMBeeHHBIX HezOcTaTKoB. On Upurogen ana 
Texyyeli 3aNMcH HW KOHTPONA aHanM3HpyeMOro CUeKTpa MMMyJIbCOB H He 3aBMCHT HU 
OT POPMBI CleKTpa, HH OT CKOPOCTH CYeTa 3aIIMCbIBaeMBIX HMUyIECoB, OnncErBaeMblit 
cnoco6 mpumMensetca y 256-KaHasIbHOrO aHaM3aTopa, pa3paGaTbiBaemoro B Mucrutyte 
AMePHEIX HCcHenoBaHHK GexocnoBalkol akayeMui HayK. 

TIpuspeqemM mpexge Bcero KOPOTKHM epeyeHb WaHHbIX O Halllem aHamM3aTope Cc 
cbeppuToOBO TaMATHIO: NYTeM 3aMeHbI KOHBepTOpa MOXKHO MpPHCHOCOOHTS aHasM3aTop 
WIM AIA AMIJIMTYHHOLO, WIM DJIA BPeMeHHOTO aHalu3a. Ber6op ogHoro u3 256 KaHasOB 
nMpowssonutTca OGEIYHBIM cimoco6omM Yepe3 alpecHble CYeTYHKH, COBMaNeCHHeM TOKOB 
X, Y B cemeKTopHol MaTpuue c u30upaTesbHEIMM TpaHcopMatopamu [1]. MeprBoe 
BpeMa TaMATH paBHo 15 MuKpocekyHaM, EMKOCTb O7HOrO KaHana 105 umm. 

B janbHeliiiemM MbI H3/I0%KHM JelicTBHe IporpaMMHbIX KOHTYpOB pH 3allMcu 
»BO3pacTaiomero’ cleKTpa HMIMyJIbcOB Ha 93KpaHe. Ha pycyHKe mpHBefeHa O70K- 
cxeMa TIPOrpaMMHbIX KOHTYpOB aHamM3aTopa. Cepaa IporpaMMHBbIxX MMMyJIBCOB pH 
M3MepeHHH COCTOHT 43 ClleqyIomqux umiyEcos: X, Y ona BeiOopa KaHasia, MMITyJIbC 
fia utenus Y, wMnysIbe Wa UpwyMTanua + 1, 3amachrBarommit MMnynpe H wu AMMysIbChI 


OBO3HAMERMA 


TPUCTEP C ABYMA YCTONYNBDIMM NONOMERKANK 
) Si0Knroska oTKPDITA 
ZAZA GNOKWPORKA 3AKPHITA 
——> HEANOOEPEHUMPYEMDER BLIXOAKON NMAYNDC 
—— TPORSBOAHAR “EPEANECO @POHTA BbIXOAHOTO AMAYITOCA 
——> NPONSBOAHAR 3ARNETO POHTA BLIXDAHOTO MMNYNDCA 
5 QAKOBNEPATOP 
3 SANASABIBAOWUN OAHOBNGPATOP 
BF BAOKMRT rEREPATOP 
CO SANYCKAEMBE OCUMNATOP 
cton AG CXEMA ANTUCOBRAAERKA 
BPM BPEMEHRON PASBEPTKE MOHNTOPHON TPYEKW 
5K BAOKNPOBKE KOHBEPTOPA 
AK ARPECHOMY CNETAKY 
K -ROCKEAHRH WMNYNDC m3 CEPKN MMMIYNDCOB 3 KENBEPTOPA 
XY 4 Het CEPA KOMAKAHBIX MMMYABCOD ANR BUBOPA X MY ANA 
STEWMA 3ATMCR B AMSTS M SPHYMTAHNR § EAWHWU 
0.0" KOMAKANUE MBYNCLL ANA ABTOMATINECKONS CBPOCA AOKASAHNI 
CYMMMPYIOWNX KM AAPECHDIX KOHTYPOB 


Puc. 1 
BuoK-cxema UporpaMMHbIX KOHTYpoB aHasiM3aTopa 
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JIM ABTOMATHYeCKOTO TepeBOa aMpeCHbIX HM CYMMUpyrOulMx KOHTYPOB B HMCXOZHOe 
coctosnue, T. e. O u O”’. Luk w3mMepenua ciekrpa YepezyeTcA aBTOMaTHYeCKH C 
LMKJIOM OCIIMINOCKONMYeCKON 3amMcH Ha 9KpaHe c YacTOTOM NoBTOpeHua 50 ru. 


Bsaumonelicrsue UpOrpaMMHBIX KOHTYPOB TPH OCIIMIIOCKOIMMeCKOM W306paxeHHu 
HPOMCXOAMT cueTyOWMM O6pa30M: MMMyIbC, CHHXpOHH3HpyeMbIii yacroTo 50 ri u 
dbopMupyemnii GroKxunr-reHepatopom SI; nepepogut tpurrep 7; c 3ana3QbIBaHHeM 
15 ucex (sana3qbIBaroMMit KOHTyp 34) H Tpurrep T2 8 Mx Wpyroe ycrolunBoe nomOKeHHE. 
Tpurrep 7, 3afycKaeT BpemeHHyro pa3Beptky BP u OnoKupyeT BxO KOHBepTopa 
6noKupoBoi BK. Tpurrep 72 3axppisaet GnoKuposky bj, 53 u OTKpbiBaeT GAOKUPOBKY 
B>. Takum 06pa30m 6noKupyloTcs MMNYJECKI Wid pHYIMTAHHA eMMHMUbI u WIA COpoca 
aypecnoro cyeTuHka O’ M JemaeTCA BOSMOXKHBIM MOJYNHpOBaHWe MHTCHCHBHOCTH JIyda 
MOHHTOpHO tTpy6Ku. Tpurrep T2 Takxe 3anyckaeT ocuMnaTOp CO, KoToppiit uMeeT 
yacToty 66,6 xru. Ha pprxoge 6noKuuT-renepatopa biz nosBisetca cepa 257 WMiyib- 
cos. BpemeHHoii npoMexyTOK MexTy ABYMA HMilyIbcaMu B cep paBeH 15 pceK. 
B cxeme anTucospnagenua AC ucknroyaetca u3 cepuu 257 wMmysibcoB nmocleqHHhii 
uMnyNEe uw cepHa 256 UMMyIbCOB IpHBOAMTICA Kak Ha BXOJ agpecHoro KOHTypa A, 
Tak MW Ha BXOX MporpaMMHbIx KOHTypoB (B81). KomaHgHbie AMMyJIbCbi MporpaMMHbIx 
KOHTYPOB H BPeMeHHbIe 3aNa3{bIBaHHA PeanuM3yIOTCA TPH MOMOM[M CHCTeMbIl B3an- 
MOCBA3AHHBIX OJHOBHOpATOpORB C NPOAOMKUTENbHOCTbIO UMNYJIBCOB, OTMeYeHHOH Ha 
pucynke. 3anvcb Ha 9kpaHe NPOM3SBOANTCA NOCTeENeHHBIM MepexOJOM OT OAHOFO KaHasia 
K Upyromy 4 cHHXpoHu3upyetca cepuett 256 umnynbcos. Bxognaa On0KMpoBKa KOH- 
BepTopa 3akpbipaeTca Ha 15 wceK paHblle, 4eM NepBbiit HMUYyJIbC H3 Cepuu 256 3allycTuT 
onHoBuOparop B,. Bpema sprxujaHua 15 pcexk neo6xoaMMO JJ11 3BCHTyasIbHOTO 
OKOHYaHHA CepHH MporpaMMHbIX MMMysIbCOB B W3MePHTebHOM HMHTepBane reper 
UMKNOM OCHHINOCKONM4ecKOl 3anHcn. 


Ocumimockommueckan 3aIlHCb 3aKaH4MBaeTCA ,,CTON-AMIYIbCOM’ 256, TOJlyeHHbIM 
3 apecHbix KOHTYpOB H 3ala3/bIBAIOWMM B pe3yibTaTe UelicTBuA KOHTypoB 35 H 
Bz ua 15 wceex. Tlocne cOpoca noka3aHHa aapecHoro CYeTYMKa MMMy.IbCOM M3 OJHOBH- 
6paTopa B7 Bo3BpalaeT ,,cTrom-amnysbc Tpurrepbi 7) 4 72 B MX HCXOAHOe ycTOWuMBoe 
coctosnue. Tpurrep 7) WaeT MMMyIbC Wid OKOHYAHHA XOa BpeMeHHOH pa3BepTKH U 
OTKpbIBaeT BXOZHYIO GNoKupoBKy KOHBepTOpa. Tpurrep T) OTKpprIBaeT OOKMpoBKy by u 
53 0 3akpbipaeT GoKuposky 5. ,,CTon-HMNysIbe“* Daibie NpMBOMUTCA B CXeMy aHTH- 
cospnayenua AC. TakuM o6pa30mM HckuoYaeTCA NOcHenHUM HeXxKeNaTesIbHbI AMMyJIbC 
v3 Cepuu 257 umiynbcos. AHasM3aTop CHOBa FOTOB K H3MepeHHio. Tak lmepvOdHYecKH C 
yacToTou 50 ry YepenyeTCa WMKII OCHMILIOCKONMYeCKOl 3allHCH C M3MePUTC/IBHbIM LMKJIOM. 


Bpems, weoGxoamMoe Aud OcIMIOCKOOMYeCKOM 3aNMCH MaHHbIX, XpaHHMbIX B 
nlaMatTu Bcex 256 KaHasIoB paBHo 256.15 + 15 = 3855 ycek, T. e. MeHDUe 20% oGurelt 
MpoqOwKUTeENPHOCTH pabouero WuKNa aHalM3aTopa. Y aHamM3aTOpOR c Ooslee KOPOTKUM 
MEPTBBIM BPeMeHeM MaMATH, WIM C MeCHbIIMM YMCIOM KaHaJIOB, COCTaBAT BpeM#A 
OCUIMILNOCKOMMYeCKOH 3aNIMCH TONbKO HECKONbKO MpOueHTOB OO6mei MpOAOIKUTeIb- 
HocTH paOovero WMKNa aHanu3aTopa. Hexoropsiii HeqocTaToK onHcanHoro cnocoba, 
CBA3AHHbIM C OTHOCHTEbHO GObUIMM MepTBbIM BpeMeHeM aHasH3aTOpa, B TaKOM 
cmyyae oTMagaer. 

Ha nogzo6Hom pvwHuMMe aBpTomMatuyeckol 3anucH ,,BO3pacTaloulero” cneKTpa 
UMNYJIbCOB paGoTalOoT HEKOTOPbIe aHaIM3aTOPb! C MaMATbEO THMA ,,uOTeHUMamocKon™ 
(2]. Y takoro Tuma aHaM3aTOpoB UK ocuMINOCKONupoBaHHA MpoxomzUT OObMHO 
NapasenbHO C UMKIOM pereHepallMu 3amvcH B NaMATH MOTeHUMAaNOCKoNa. Bpema, 
HeOOxoNMMoe JNA OCIIMINOCKOMHYeCKOH 3amucn, 30ecb, KaK npaBriio, Gombe. Ono 
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3aBHMCHT OT 4aCTOTEI perehepallHW 3allMCuH M OT CKOPOCTH ,,cepHiiHoro’: YTeHHA TWaHHbIX 
43 NAMATH, KOTOpad aBlaetca Gonee MenMeHHOu, YemM y MapannenbHOH NaMsaAtH c 
dbeppxHToBbimu cepoeyHHkamMn. 
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DISCUSSION 


G. L. Miller (United States of America): Would Mr. Costrell outline the advantages 
and disadvantages of barrier-grid tubes as compared with conventional Williams storage 
tubes for this application? 


L. Costrell (United States of America): I fear that you have asked me for something 
I cannot do. Let me simply repeat that a barrier grid collects the secondary electrons 
very shortly after they are emitted from the phosphor and therefore there is no essential 
disturbance of the adjacent areas of the phosphor. In addition, the path for the secondary 
electrons to the barrier grid is considerably shorter than it is in our case, where we 
use the post accelerator. Nevertheless, we encountered some difficulties in using the 
barrier-grid tube and for analogue storage our results using the barrier grid were no 
better than with the conventional tube, so we abandoned it. One advantage the 
experimentalist will certainly have with the conventional SADP1 tube is that one can 
see what is going on on the screen. Perhaps I should also point out that our analyser, 
which we consider a slow-speed version, has a 2-us resolution and 200 channels. I am 
sorry I could not answer your question more fully. 


K. Kandiah (United Kingdom): I should like to make a comment on the last question. 
We have tried both barrier-grid tubes and Williams-type tubes as temporary stores, 
and in our opinion there are two important factors to be considered. First there is the 
minimum useful writing time. In both tubes the charge collected as signal is effectively 
equal to the charge originally deposited. In the case of the Williams tube, however, 
the charge is then collected on a small capacitance, while with the barrier-grid tube, 
using so-called backing-plate reading, the charge is collected on a very large capacitance 
so that the signal is very much smaller. However, there is the possibility of collector 
reading on a barrier-grid tube, with the same capacitance for the signal electrode as 
in the case of the Williams tube and our measurements indicate that the effective 
sensitivity—i.e. the shortest signal which you can successfully write and read 
off—is then pretty well the same in both cases. To use collector reading successfully 
in the case of the barrier-grid tube, it is necessary to get a very good tube, but the cost 
of a barrier-grid tube is about 30 times the cost of a cathode-ray tube. The second point 
is the problem of disturbance through random signals on reading out. In the case of 
the cathode-ray tube the random signals are due to non-uniformity of the phosphor 
and in the case of the barrier-grid tube they are due to non-uniformity of the target 
and the grid. Our experience is that here again the difference between the two is very 
small. We use the barrier-grid tube because we can get a complete tube which behaves 
in a fairly well-defined manner, with fairly high spatial resolution and a fairly large 
capacity in terms of pulses that can be stored. 


L. Costrell: I would like to comment on this matter of phosphor uniformity. When 
this analyser was first put to work we found that the scatter in the spectrum was much 
greater than would be expected on the basis of the statistics. We attributed this to small 
imperfections in the phosphor and we have eliminated the trouble fairly well by adding 
what we call a “‘wobbler”’ circuit, which wobbles the entire pattern up and down through 
about 30 channels, thus integrating out any small imperfections. With this modification, 
the scatter we obtain is entirely within statistical expectations. We wobble the pattern 
with a frequency of one cycle per minute, so the maximum error introduced in the 
pulse amplitude is less than 0.5% of a channel width. 
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G. I. Zabiyakin (USSR): Two years ago, in collaboration with the Physics Institute 
of the USSR Academy of Sciences (I. V. Shtranikh), we designed a fast analyser which 
employed, as memory, a normal Williams-type tube with a graticule before the screen. 
However, the method we followed differed from that presented here: We used the 
top of the input pulse for amplitude storage, and the tube fluoresced at the moment 
the maximum amplitude was reached. We also noticed that in such a tube there are 
fluctuations due to the non-uniformity of the phosphorus. Using this method of pulse 
indication a high amplitude could be obtained at the outlet, but unlike what we heard 
today, the method was somewhat complicated with regard to the electronic circuits 
for determining the height of the pulse. This analyser was constructed in the Joint 
Institute of Dubna and is being used there at the present time. 


L. Costrell: I would like to ask for a little information on this analyser at Dubna— 
a few characteristics. 


G. I. Zabiyakin: This work was described in reports published by the Joint Institute 
at Dubna in 1960. I am afraid I cannot give detailed characteristics at the moment. 
In 1959 we had a time resolution of approximately 200 us, which was sufficient for 
our purposes; the tube employed an analogous method of amplitude storage, whereby 
up to 6 pulses per cycle could be stored. We also had a pre-amplifier and a logic circuit. 
On the screen, when the analyser was in operation, the linear sweeps were seen which 
allowed control. 
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Abstract — Résumé — Annotauna — Resumen 


A transistorized 1024-channel neutron time-of-flight analyser. A transistorized 1024-channel 
neutron time-of-flight analyser is described. This instrument has been divided in two fully 
independent parts: the analogue-to-digital converter (ADC) that measures the time-of-flight 
and the 1024-channel ferrite-core memory. In this way the output signals coming from the 
ADC can be recorded on a magnetic tape together with the output from other ADCs which 
measure other physical quantities related to the same nuclear event, with an overall number 
of channels higher than the capacity of the memory. The AD converter is provided with a tempo- 
rary memory that, by its regularizing action on the signals rate, (1) when the AD converter, directly 
connected to the 1024-channel memory, allows a dead time of only 0.5 us, and (2) when the AD 
converter drives a magnetic tape recorder and allows a better utilization of the magnetic tape itself. 

The temporary memory has a capacity of four numbers of up to sixteen bits. 

The channel-width of the analyser is variable from 0.5 up to 48 us. The 1024 channels can be 
divided in two contemporary groups of 512, each connected to two detectors. The temporary 
memory allows contemporary recordings of signals into the two groups. The channels can also 
be subdivided over the time-of-flight in two groups of which the first (of 16 channels) is used 
to record the true zero time of the time-of-flight, while the second group can be set in any 
position over the total time-of-flight interval. The number of channels used in the recording 
of the time-of-flight can be reduced in order to record another quantity with 1024 overall channels. 

The logical design of the instrument is described. In the design advantage has been taken 
of the possibilities offered by the transistorization and the related mechanical construction 
systems in order to produce a most flexible instrument and one in which future modifications 
or extensions, which may be required by the experimenters, are feasible. 


Sélecteur transistorisé de temps de vol pour neutrons, 4 1024 canaux. L’auteur décrit un 
sélecteur transistorisé de temps de vol pour neutrons, 4 1024 canaux. Cet appareil comporte 
deux éléments complétement indépendants: un convertisseur de données analogiques en données 
numériques (CAN) qui mesure le temps de yol et une mémoire a ferrites de 1024 canaux. Les 
signaux de sortie provenant du CAN peuvent ainsi étre enregistrés sur un ruban magnétique 
en méme temps que les signaux de sortie d’autres CAN qui mesurent d’autres données 
physiques, associées au méme événement nucléaire, le nombre total des canaux étant plus 
élevé que la capacité de la mémoire. Le CAN est muni d’une mémoire temporaire qui, par 
son action régularisatrice sur le rythme des signaux: 1) permet d’obtenir un temps mort de 
0,5 us seulement lorsque le convertisseur est directement branché sur la mémoire 4 1024 canaux, 
et 2) permet une meilleure utilisation du ruban magnétique lorsque le convertisseur entraine 
un enregistreur 4 ruban magnétique. 

La mémoire temporaire peut enregistrer jusqu’A quatre nombres composés de 16 chiffres 
binaires au maximum. 

La Jargeur des canaux du sélecteur peut varier de 0,5 4 48 ps. Les 1024 canaux peuvent étre 
divisés en deux groupes — fonctionnant simultanément — de 512 canaux, reliés chacun 4 un 
détecteur. La mémoire temporaire permet l’enregistrement simultané des signaux dans les 
deux groupes. Les canaux peuvent également étre subdivisés par rapport au temps de vol en 
deux groupes dont le premier (16 canaux) sert a enregistrer le point zéro, le deuxiéme pouvant 
étre placé en un point quelconque de l’intervalle total du temps de vol. On peut réduire le nombre 
de canaux utilisés pour l’enregistrement du temps de vol de fagon 4 enregistrer également une 
autre quantité avec I’ensemble des 1024 canaux. 
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L’auteur explique le principe logique selon lequel l’appareil a été construit. Au cours de la 
conception on a tiré parti des possibilités offertes par la transistorisation et des avantages 
mécaniques qui en découlent afin de mettre au point un appareil extrémement souple qui puisse 
se préter aux modifications ou extensions que les recherches pourraient souhaiter introduire. 


Heitrponsbii avann3saTop Bpemeun upoiera c 1024 KaHanaMH HC NepeBOaqOM CXeMbI Ha 
Tpawsucrophi. Jlaetca omucanne HeiitponHoro aHaM3aTopa BpeMeHNM Hpoueta c 1024 kananamMu 
H C HepepowxOM CXeMBI Ha TpaH3HcTOpH. Stor upaGop Gr paszeneH Ha ABe abcomOTHO 
He3aBHCHMBle YacTH: aHanor K WMppoBomy upeoG6pa3opatTeo (ALI), koropsii u3smepseT 
BpeMs Imposieta, H 1024-kaHasIbHOe HaKOMMTeMbHOe YCTpOlicrBo Ha deppuTOBbIX cepwe4HMKAX. 
TakHM MyTeM BBIXOMHBIC CHrHaJIbI, MocTynaroujwe u3 ALT], MoryT Obirh 3aperMcTpHpoBaHbl 
Ha MarHHTHOH JICHTe BMECTe C BbIXOTHbIMM CHTHasiaMu 43 Opyrux ALIII, n3smeparomimMx Apyrue 
dbu3sw4eckHe KouMuecTBa, OTHOCAMIMecd K TOMY %*Ke AZePHOMY Tpespauennio mp oG6ulem 
KOIWYeCTBe KaHa@JIOB, MPeBBIMAOlleM MOLIHOCTh HaKONMTeMbHOrO ycTpoOiicTBa. Ananor 
wudposoro mpeo6pa3zospaTelia cHaGxKeH BPEMeEHHEIM 3aNOMMHAIOIHM yCTpolicTBOM, KOTOpoe 
6naroyapa CBOeEMY peryMpOBaHMIO CKOpPOCTH CHTHayIOB: 1) MO3BONAeT NOCTHYb BeMUMHbI 
MepTBOro BpeMeHH smMmb 0,54 B CeKYHAY, Korga aHaslor uudpoBporo upeobpasopatena 
CBA3aH HeNocpeACTBeHHO Cc 1024-KaHaNbHbIM HAKONMTeIbHbIM YCTpOUCTBOM; u 2) cOCOOCTBYeT 
TYWHeMY HCHOUb30BaHHIO CAMO MarHMTHOM JIeHTbI, Kora ananor Wadposoro npeobpa3zo- 
BaTet IpHBOAUT B DelicTBHe MarHHTOdoH. 

Bpemennoe 3anomunarollee yctTpolicrpo o6sanaeT cnocoGHOCTbIO 3aNOMHHaTb C YeTbIpex- 
KpaTHOH TOYHOCTHIO (BUAOTh WO WecTHaqWaTH ABOM4HEIX pa3pxAOB), 

IWmpwua kawana ananu3aTopa KoneOnetrca oT 0,5 no 48 ps. 1024 kanana MoryT O6pITb 
pasveneHpt Ha Wee OAKHakopble rpymmbil mo 512 KaHanoB, Kakqad W3 KOTOPbIX COeXHHAeTCA 
Cc WBYMA TeTeKropamMu. BpemMeHHoe 3a00MHHatollee YCTpOlicTBO DONyckaeT OTHOBPeMeHHY!O 
3aNMcb CHrHanOB AByMa rpyniamu. Kanasibl MoryT ObITh TakxKe NOLpasieyeHbI NO BpeMeHH 
nponeta Ha Be rpyMMbI, 43 KOTOPHIX Depspaa rpynma (16 KaHamloB) HCHO3yeTCA OA 3allMcu 
YHCTO HyNeBOro BpeMeHH MposleTa, Torga kak BTOpad rpyna MoxeT GObITbh HCMOsb3I0BaHa B 
juo060i NO3HUMH 10 O6LIMM HHTepBasiaM BpeMeHH Mex Ty NpoueTamu. Uncuo KaHas0B, UCHOJIb- 
3YeMBIX JIA 3aNMCH BPpeMeHH Oposera, MOxKeT GObITb COKpalleHO ANIA Toro, 4TOObI 3aNMCbIBATb 
TakxKe Dpyrve BeIMYMHEI C MOMOUIbIO BCex 1024 kaHasoB. 


Jlaetca onmcaHve normueckoi KoHcTpykyuu mpuOopa. B koHCTpyKUMM OblIM MCMOb30BaHbI 
BO3MOXHOCTH, KOTOPbIe NpeXOcTaBIAtoT TpaH3MCTOPpH3alHA UM CHCTeMbI COOTBETCTBCHHOK 
MexaHH4eckoi KOHCTPYKUMM Id Toro, 4TOObI MOXHO G60 OGecneYATL HanOonee ruOKoe 
nelictsue mpu6opa. Stot upx6op AomKeH 6bITh TAKUM, YTOGEI NO3BOUIATL BHeceHHe Oy aYINAX 
M3MeHeHMit H IPOBeAeHHe YCOBeEPLIeCHCTBOBAHMA, KOTOpbIe MOryT NoTpeGoBaTLca B pe3yIbTaTe 
9KCHepHMeHTOB. 


Aparato transistorizado de 1024 canales para analizar tiempos de vuelo de neutrones. Se describe 
un aparato transistorizado de 1024 canales para analizar tiempos de vuelo de neutrones. El 
aparato se divide en dos partes completamente independientes: el convertidor analdgico- 
digital (CAD), que mide el tiempo de vuelo, y la memoria de nucleos de ferrita de 1024 canales. 
De este modo, las sefiales que salen del CAD pueden ser registradas en cinta magnética junto 
con las sefiales de otros CAD que miden otras magnitudes fisicas relacionadas con el mismo 
suceso nuclear, con un nimero total de canales superior a la capacidad de la memoria. El CAD 
tiene una memoria temporal que por su accién reguladora del ritmo de los impulsos permite: 
1) obtener un tiempo muerto de sdélo 0,5 microsegundos cuando el CAD esta conectado 
directamente a la memoria de 1024 canales, y 2) aprovechar mejor la cinta magnética cuando 
es el propio CAD quien acciona el registrador magnético. 

La memoria temporal tiene una capacidad de cuatro nimeros de hasta 16 digitos. 

La amplitud de los canales del analizador se puede variar desde 0,5 hasta 48 microsegundos. 
Los 1024 canales se pueden dividir en dos grupos simultaneos de 512 canales, conectado cada 
uno a dos detectores. La memoria temporal permite registrar sefiales simultancamente en ambos 
grupos. También se pueden subdividir los canales en dos grupos segtin el tiempo de vuelo; 
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el primero (de 16 canales) se emplea para registrar el origen de tiempos de vuelo, y el segundo 
se puede colocar en cualquier posiciédn a todo lo largo del intervalo de tiempos de vuelo. El 
numero de canales empleados para registrar tiempos de vuelo se puede reducir para poder 
registrar simultaneamente otra magnitud en el total de 1024 canales. 

El autor describe el disefio légico del instrumento, que aprovecha las posibilidades que ofrecen 
los transistores con una oportuna disposicion mecdnica, para lograr un instrumento de gran 
adaptabilidad y que sea posible modificar o ampliar si lo precisaran los experimentadores. 


Introduction 


This transistorized 1024-channel time-of-flight analyser will be used with the fast 
chopper that is under construction in Ispra by the CNEN. 


The analyser is divided in two parts: 


(1) An analogue-to-digital converter (ADC) with 1024 maximum channels that measures 
the time-of-flight; and 

(2) A 1024-words permanent memory with arithmetic unit; 

because it is desired to make x-y measurements with an overall number of channels 

higher than 1024. 


The two instruments are fully independent so that they can also be used separately. 
In such a case the output from the ADC, together with additional digital information 
obtained by ADCs of other quantities connected with the same event (height of pulses, 
angles etc.), can be stored on magnetic tape. 


Afterwards the magnetic tape can be repeatedly read by the memory in order to 
classify the events. All the events of a group of 1024 channels can be sorted out and 
classified in every reading of the magnetic tape. 


Analogue-to-digital converter 


The basic block diagram is given in Fig. 1. The ADC has been provided with a 
temporary store that has the following advantages: 


(1) The dead time of the analyser is determined by the write-time of the temporary 
store only, not by the operation cycle of the permanent memory, so that (a) very short 
dead times can be achieved; in this instrument the temporary storage is made on flip- 
flops that have a write time of 10-7 s; and (b) the ADC can drive permanent stores having 
a different and variable write-time, for instance with the magnetic tape running at 
various speeds. 

(2) The channel address-scaler, that measures the time-of-flight, has a parallel drive 
of all binaries through gates in order to reduce the settling time to a minimum. 
With binaries and gates using 2N501 transistors, an overall settling time of 6 x 10-%s 
has been obtained. This, together with the low temporary-store write-time of 10-7 s, 
has governed the choice, for this ADC, with good safety margins, of a dead time equal 
to the shortest channel width, that is 0.5 us or 0.75 ys, assuming that the channel-width 
used is a multiple of 0.5 or of 0.75 us. 

In this way it is not necessary to stop the channel address-scaler in order to record 
a neutron pulse as it is in analysers without a temporary store. 

During the dead time, if a neutron pulse occurs, the state of the address-scaler will 
simply not be recorded on the temporary store, so that it becomes easy to obtain any 
desired dead time. With x-y recordings, that is when the outputs of the other ADCs 
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are also recorded simultaneously on the temporary store, so that all give information 
about the same event, the overall dead time is, of course, equal to the longest of the 
ADC’s dead times. This is quite simply obtained by controlling the inputs to the temporary 
store. 

(3) There are also counting losses due to the time 7¢ necessary to transfer the numbers 
from the temporary store to the permanent memory and to the limited capacity of the 
temporary store itself. ; 

Of course the maximum neutron pulse-rate 1/T,, must be sufficiently lower than the 
maximum rate 1/7; at which the temporary store can be emptied. Corrections for the 
counting losses due to the limited capacity of the temporary store are quite laborious, 
but it is possible to reduce them to a negligible value. 


The counting losses can be easily calculated for the neutron pulse rate 1/7, constant. 
With a store of two words and with T; = 7,,/4 the fractional counting loss is 0.0034. 
With a store of four words and with 7; = 7j,/2 the fractional counting loss is 0.00209. 
These counting losses are lower than the statistical error for the maximum number 
of pulses that can be recorded on every single channel. 


A four-words temporary store has been used that allows a good value of 7¢/Tm. 
A higher capacity store does not correctly augment this value. In the case of the magnetic- 
tape recording this ratio multiplied by the ratio (maximum neutron pulse-rate/medium 
neutron pulse-rate) gives the factor of the utilization of the tape. 

The ratio (T;/Tm) is a characteristic of the instrument. In work with a constant 7;, 
as when data are directly transferred from the temporary store to the permanent memory, 
it determines the maximum instantaneous rate of neutron pulses that can be accepted. 
When the data from the temporary store are transferred on magnetic tape, this ratio 
gives the value of 7;, that is the tape speed for the maximum utilization of the tape, 
as a function of the maximum instantaneous value of Ty. 


(4) When working with two independent groups of 512 time-channels, each for record- 
ing neutron pulses from two detectors, the temporary store permits the simultaneous 
recording of pulses from the two detectors, It is not necessary to delay the pulses from 
one of the detectors at a time equal to the dead time. Moreover the dead time due to 
neutron pulses from one of the detectors does not produce counting losses on the 
recordings of the other detectors. 

(5) It is possible-to have a continuous oscillographic display of the spectra during 
experiments without disturbing the working of the ADC. 


The temporary store for each of the four words has ten flip-flops for recording the 
time-channel number and one for recording whether the word place is occupied or 
not, but all the store drive-systems have been built for recording up to sixteen bits- 
words. 


In the temporary store the words are read and written in an asynchronous and 
independent fashion in a cyclic succession with the same sense for both the writing 
and reading operations. The write and read-address are given by two independent 
scalers that progress by one step at the end of each operation. In the case of writing, 
if the new place is occupied the system waits until this place has been emptied by the 
read-system. If that place is occupied it means that the whole store is full and that 
particular place will be the first to be emptied by the read-system. 

Similarly in the reading, if the new place is empty all the store is empty and the first 
number will be written in that particular place. 
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The time-channels can have durations of 0.5 x 2” us and 0.75 « 2” us with values 
of » from zero up to six. 


The programmer of the ADC allows the following working modes: 


A. A single group of time channels which begins at the nominal zero time of each 
burst (pulse from the photocell). The number of channels used can be varied from 
16 up to 1024 in steps of 16; 

B. Two contemporary groups of 512 channels. The two groups can be split in two 
parts. The first starts at the nominal zero time and is used to record the gamma 
rays burst from the chopper that gives the real zero time for the time-of-flight of 
the neutrons. The first part is composed of p channels (p = 4, 8, 16) equal for 
each group. The second part can be delayed in respect to the first. It can begin 
at a time, measured from zero nominal time, equal to (4r-+ p) time channels, 
in which r can have any integral value between 1 and 256; 

C. x-y recording which is a combination of the A and B modes. There is a single 
succession of time channels, which can be split in two groups as in mode B. In 
this mode those channels of the temporary store and the permanent memory not 
used as time channels can be used for recording other quantities. 


An output is provided which gives a gate pulse which begins at any time channel 
and has a duration of 1, 2, 4, or 8 time channels. 


All the switching necessary for obtaining the different modes of work, the various 
channel durations and groups of channel positions is made by plugs on various switch 
boards. This has been made both for flexibility and because it is hoped that extensions 
of the instrument, like those necessary for the x-y recording, will be easier. 


Permanent memory and arithmetic unit 


The logical design of this unit has no peculiar characteristics. It is a ferrite-core 
memory. The address to the memory is given by the temporary store output. The 
memory cycle, consisting of read and transfer to the arithmetic unit of the stored number, 
the addition of one operation, the transfer of the new number from the arithmetic 
unit back to the memory, requires a time of 10 us. 

The arithmetic unit can either add or subtract one to the accumulated number, so 
that an automatic subtraction of the background can be achieved. 


In the first channel only the photocell pulses are registered, so that this channel gives 
the total number of neutron bursts. 


ADDRESS SCALER AND TEMPORARY MEMORY 
FOR A TRANSISTORIZED TIME-OF-FLIGHT 
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Abstract — Résumé — Annotauua — Resumen 


Address scaler and temporary memory for a transistorized time-of-flight analyser. Circuit 
design conditions and procedures for address scaler and temporary memory are analysed. 
Methods for reducing the recovery time of the address scaler (which should be less than 10-7 s) 
and the writing time of the temporary memory (10-7 s) are briefly examined. The complete 
circuits and the experimental results are discussed. 


Echelle d’adresse et mémoire temporaire pour un analyseur de temps de ‘vol transistorisé. 
L’auteur décrit les caractéristiques du circuit et la technique d’emploi d’une échelle d’adresse 
et d’une mémoire temporaire. Il examine briévement les méthodes 4 employer pour réduire 
le temps de récupération dans I’échelle d’adresse (qui devrait étre inférieure 4 10-7 s) et le temps 
d’enregistrement de la mémoire temporaire (10-7 s). Il étudie les circuits complets et analyse 
les résultats expérimentaux. 


Aypecnaa nepecuernas cxema H BpeMeHHoOe 3amoMHHarollee ycTpoiicrso a0 paGoratoulero 
Ha TpaH3HcTOpax anamM3aTopa BpemMenH Mponera. Pa3zOuparoTca ycnoBAd UpoeKTupoBaHnA 
CXeMBI H CHocoGEI paGoTbI aypecHo mepecueTHOH CXeMbI HM BpeMeHHOFO 3aNOMMHAIOUero 
yetpoticrpa. Kparko paccMaTpHBalotca MeTORbI CoKpallleH¥sal BPEMeHH BOCCTAHOBJeHAA ampec- 
HOTO mepecueTHOrO YCTpOiicTBa (KOTOpOe AOWKHO SEIT MeHbIIe, em 10-7 ceK) mM Bpema 3allHCH 
BPeMeHHOro 3anoMHHaroMero ycTpoiictsa (10-7 cex). OScyxMaIoTCA NOMHBIC CXEMBI M SKCHEpH- 
MeHTAJIBHBIC pe3yJILTAaTEI. 


Escala directora y memoria temporal para un analizador de tiempo de vuelo transistorizado. 
Se estudian las condiciones y procedimientos de disefio de una escala directora y de una memoria 
temporal. Se examinan brevemente algunos métodos para reducir el tiempo de recuperacion 
de la escala directora (que debe ser inferior a 10-7) y el tiempo de registro de la memoria 
temporal (10-7 s). Se describen los circuitos completos y exponen los resultados experimentales 
obtenidos. 


A ten-binaries scaler and the elements of the temporary store developed for the 
1024 channels time-of-flight analyser described by G. Giannelli are presented in the 
following paper. 


Scaler 


A maximum settling time for the scaler of less than 10-7 s and a maximum repetition 
frequency of 2 Mc/s were required. The scaler under discussion is composed of ten 
elements like that shown in Fig. 1, which has a binary and a gate. The gate is controlled 
through a delay by the binary and the passage of the input pulses to the following 
element is controlled. The passage of the pulses is allowed when the binary is in position !. 
Although the binaries’ drive of a scaler through gates in series is slower than that obtained 
with gates in parallel, this system was preferred because of its simplicity and reliability. 
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ALL TRANSISTORS ARE 2NS01 PHILCO 
ALL DIODES ARE SS55G TRANSITRON 


Fig. 1 
Element of address scaler 


The binaries’ switching-time of 2x 10-8 s has been obtained by a conventional circuit 
with saturated transistors through the use of fast transistors and diodes, low supply 
voltages, low load resistances and peaking inductors in the collector circuits. The collector 
current is 10 mA, and the maximum repetition frequency is 13 Mc/s. 


The type of gate shown was preferred to other types because of its low power con- 
sumption since the transistor TR1 is normally cut off and because of the good discrimina- 
tion against noise on account of the non-linear input-characteristic of the same transistor. 
The main element of the gate is the diode D1 which is polarized by the collector of 
TR2 through an RC delay network. The gate is open when TR2 is cut off. The RC 
delay network was preferred to a delay line because of its simplicity, the decoupling 
between the binary and gate for fast transients and lastly because it permits the most 
convenient input impedance in the two directions: high seen from the binary and low, 
for the transients, seen from the gate. 


The transformer Ti has been designed for a minimum delay. It is a delay-line trans- 
former on a ferrite core and has a 10-’s differentiating time-constant in order to reshape 
the input pulse. The total propagation time over nine gates and the last binary is 
6x 108s, 


Temporary store 


The temporary store has a capacity of four words consisting of eleven bits, with the 
possibility of extension to sixteen. The elements of the temporary store are flip-flops. 
This solution has been preferred to the ferrite cores chiefly because of the lower access- 
time obtainable but also because the circuit system is simpler. In fact the ferrite cores 
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require xy-write and xy-read generators, sense amplifiers and an output register for 
recording the number read. On the other hand the temporary store was required to 
store the words for rather long times, in order to be able to use magnetic tape at a low 
speed as a permanent memory. 

In the elements of each temporary memory-store row is inscribed the state of the 
address-scaler at the moment of the arrival of a neutron pulse. It is only necessary to 
switch the flip-flops from 0 to 1 when a fast drive with good sensitivity is required. 
On the other hand the output of the flip-flop must drive a logical network for which 
a well-defined output-voltage, as is obtained from a saturated transistor, is desirable. 


pam pdcel tee 


GATE 
SIGNAL 


THE TRANSFORMER AND THE INDUCTOR USE FERROXCUBE PHILIPS K3000%0 


Fig. 2 
Flip-Flop of the temporary store 


The circuit developed is given in Fig. 2. In the 0 state TR1 conducts and is in a linear 
region and TR2 is cut off. The input positive-pulse cuts off TR1. As TR1 is not based 
a good sensitivity and a fast response may be obtained. As the access time depends 
chiefly on TR1, a rather fast transistor was used. In 1, TR2 is saturated. The input 
gate is a transformer-diode gate. The gate signal comes from the address scaler and is 
applied through a generator with a low impedance when the gate is open. This type of 
gate was chosen because of its low settling time. The transformer has been designed 
for a low magnetizing current in order to load the input pulse generators lightly. 
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DISCUSSION 


R. Wahl (France): I have a question to put to Mr. Giannelli, or to any of the previous 
speakers, regarding electrostatic storage. We have studied a design for a time-of-flight 
selector with 4096 channels, 10 ns per channel, based on existing techniques. Now, 
with a magnetic memory, the time for storage in the memory is 10 to 16 us. With direct 
storage of the type I am talking about, the time for storage in the memory is still 10 to 
16us. My question is, could you say whether temporary storage, e.g. electrostatic 
storage, is preferable to direct storage of this type? 


G. Giannelli (European Atomic Energy Community): The main advantage of tem- 
porary storage is that the access time for a temporary memory is much shorter than 
for a permanent memory. If you have direct storage on ferrite cores with an access 
time of 10 to 16 us, I do not think you will gain anything by using an electrostatic 
temporary memory, for which the access times so far achieved vary from 5 to 10 us. 
In our apparatus the access time for the temporary memory is 0.1 ys. 


K. Kandiah (United Kingdom): I wish to make a comment on the last question. 
As I understand it, Mr. Wahl is really asking the question in relation to recording 
many pulses per burst with 10-ns channel width. If there are 4096 channels with 10-ns 
channel width, the total time is 40 us for one complete beam burst. Now if the dead- 
time of the storage system is, for example, 10 to 20 us, such a system is quite unusable 
for multi-pulses per burst because the corrections would be quite large. On the other 
hand, a system in which the dead-time for recording an event is of the order of a small 
fraction of a microsecond is usable for multi-pulses per burst. We have actually studied 
this ourselves, and in one of our time-of-flight experiments we used the electrostatic 
storage tube as a temporary store for multi-pulses per burst at 200-ns channel width 
with a dead-time of 1 us. We have actually tried this system at 20-ns channel width 
and we could use it with a dead-time of 0.1 ys which is usable with a large number of 
channels. However, the intensity of accelerators used for time-of-flight work is not 
such as to make it necessary to record multi-pulses per burst with such small channel 
width, 


G. I. Zabiyakin (USSR): I would like to ask Mr. Giannelli the following question: 
The paper gives data concerning the use of the temporary store with a 1024-channel 
memory and also with a magnetic tape. Would Mr. Giannelli give a few more details 
on this? 

G. Giamnelli: We have made provision for magnetic-tape recording, but we have not 
yet used it. , 


G. I. Zabiyakin: What tape speeds have you used to work at the fast time associated 
with your temporary memory? 


G. Giannelli: The input time of the temporary memory is 0.1 us. For the output, 
we can use any speed we want, since the memory consists of flip-flops. There is thus 
no problem in recording the output of the temporary memory on the magnetic tape. 


MHOTOMEPHBIE CUCTEMbI PETMCTPAIIMM HA 
MATHATHOM JIEHTE C PA3PABHABAHHEM 
CTATUCTUKH 


I. 1. Kyxos, I. HW. 3asnaxun, B. J]. Wusaes, VM. B. ltrpannx 
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Abstract — Résumé — Annotanus — Resumen 


Multi-measuring tape-recording systems with statistical equalizing. One likely way of increasing 
the number of channels of multi-measuring recording systems is the multi-track recording on 
magnetic tape of information presented in binary form. A 25-track recording system is briefly 
described and the fundamental technical characteristics and potentialities of such systems are 
indicated. A special feature of the recording system described is the use of an “‘equalizing unit’’, 
with which one can obtain a uniform tape recording of input pulses with a statistical time 
distribution. The main circuit of the equalizing system is given, and a means of determining 
its required capacity for a different spectrum shape described. The question of extracting data 
from multi-measuring systems is discussed. 


Systémes 4 plusieurs dimensions pour l’enregistrement sur bande magnétique avec normalisation 
statistique. Parmi les principaux avantages que comporte I’accroissement du nombre des canaux 
dans les systémes d’enregistrement 4 plusieurs dimensions, il faut compter l’enregistrement 
sur bande magnétique a plusieurs pistes de l’information présentée sous une double forme. 
Le mémoire décrit briévement un systéme d’enregistrement 4 25 pistes; il examine les carac- 
téristiques techniques fondamentales et les principales possibilités de ces syst¢mes. Une 
particularité du systéme d’enregistrement décrit est l’emploi d’un bloc de «normalisation», 
qui permet J’enregistrement régulier sur bande magnétique des impulsions incidentes statistique- 
ment normalisées. On décrit le schéma élémentaire d’un dispositif de «normalisation». La 
capacité que doit avoir ce dispositif est évaluée pour des spectres de formes différentes. On 
examine la question de l’obtention des renseignements dans les systémes 4 plusieurs dimensions. 


Mboromepanie cHcTeMbi perucTpauHH Ha MarHHTHOH JIeHTe c pa3paBHHBaHHeM CTaTHCTHKH. 
OxvHMM 43 NepcheKTHBHEIX HalpaBleHHlt YBeEMYCHHA YHCIIa KAHaAJIOB MHOTOMepHbIX PerucTpu- 
PYFOWIMX CHCTEM ABMIAeTCA MeTOA MHOTOROpoxeqHoh 3anvcH MEOPMallMM, NpeACTaBieHHok 
B JBOMHOK dopMe, Ha MarHuTHy!oO JeHTy. Kpatko onucpiBaetca 25-4 WopoxKeyHad perucTpH- 
pYFOllad CHCTeMa, PaCCMaTPHBAaIOTCA OCHOBHBIC TEXHHYeECKHe XapaKTePHCTUKH H BO3MO%KHOCTH 
Takux cuctem. OcoGeHHOCTHIO ONKCbIBaeMO PeETHCTPHPYIOLMeH CHCTEMEI ABJIAeTCA NPHMeHeHHe 
6s0xka ,,pa3paBHHBaHHA, KOTOPbI MO3BONMeET CTATHCTHYCCKM paclIpeveseHHbIe BO BPeMeHH 
BXOMHBIC HMMYIIbChI PaBHOMEPHO 3aNVCbIBaTh Ha MarHMTHY!O NeHnTy. MpwpoxutTca NpMHM- 
WHaIbHad CXeMa ,,pa3paBHHBalolero” ycTpoiicrBa. MaeTcA oueHKa HeOoOxOo_MMOM eMKOCTH 
pa3paBHMBaIOLlero ycTpoiicTBa AIA pa3sIH4YHOH PopMbI cnektpa. PaccMaTpuBaeTca BoMIpoc O 
BbIBOZe TaHHBIX W3 MHOTOMEPHBIX CHCTeM. 


Sistemas de registro miltiple en cinta magnética con equiparaciéon estadistica. Un buen procedi- 
miento para aumentar el numero de canales en los sistemas de registro multiple consiste en la 
inscripcion sobre una cinta magnética de varias pistas de la informacién presentada en forma 
binaria. En esta memoria se describe brevemente un sistema de registro de 25 pistas y se indican 
sus principales caracteristicas técnicas y sus posibles aplicaciones. Una particularidad de ese 
sistema de registro radica en el empleo de un «dispositivo de equiparacién» que permite inscribir 
uniformemente en la cinta magnética la distribucién estadistica de los impulsos de entrada 
en funcién del tiempo. Se explica el circuito bdsico del «dispositivo de equiparacién» y se 
expone un método para calcular la capacidad que dicho dispositivo necesita para diferentes 
formas del espectro; se estudia, ademas, el procedimiento de extraccién de datos de los sistemas 
de registro miltiple. 
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BBejenne 


Iupokoe pacmpocrpaHeHue B 93KCICpHMeHTabHOK sagepHOw du3uke NONy4MIH 
CYeTHbIe MeETOAbI pervcTpallHu, KOTOpble B OOWIEM Clly4¥ae CBODATCA K HaKOMJIeHHIO 
WHPopMalun, Nocrynatouseit B BUTE 3JIEKTPHYCCKHX MMIYJIbCOB OT OJHOFO WIM HECKOSIb- 
KMX (u3W4ecKHX DaTuukoB. AMMIMTyRa, BpeMA NOCTyMeHuaA H Bpyrve MapamMerTpi 
MMITYJIBCOB HECYT B 3TOM Cily4ae 2KeaeMy!O HHDOpMaLlHIO 06 u3y"¥aeMOM COOBITHH. 


Tlonyyaemoe B pe3ybTaTe 9kcNepuMeHta pactipeseseHve YMCIIa 3AaperucTpUpOBaHHbIx 
MMIMyJIbCOB 10 ONpeyesIeHHbIM IIpH3HakaM, WHaYe TOBOpA, MO KaHasiaM perucTpApylo- 
mel CHCTEMbI ONHCbIBaeT HEKYIO KPABY!O Ha IMWIOCKOCTH, WIM, TaK Ha3bIBacMbIii, MIOCKH 
crextp [1]. 


’ CrpemMneHve OxBaTHTb B XOZ€ 3KCIIEpHMeHTa LIMpOKHii WMaNa30H W3MeHeHMA MCCIIe- 
WYeMbIX MapaMeTpOB 3JIEMeHTapHbIX YacTHW (Macca, 9Heprua MW T. J.) OmpegzemHIO 
co3qaHve Wenoro WHkia perucTpupyroulux mpH6opos c 6ONbIIMM YHCIOM KaHasIOB — 
MHOTOKaHaJIbHbIX aHAIM3ATOPOB. 


C pa3BuTHeM MeTOOB (bu3H4eCcKkoroO 9KCIIepHMeHTa BCce Yale BCTpeyaroTcs 3aga4H, 
CBA3aHHbIe C M3yYYeHHeM paciipezeeHua HHDOpMaLMM He M10 OAHOMY, a M10 HECKOJIBKUM 
TIpH3HakaM OJHOBpeMeHHO. Take 3a0a4H CBOAATCA K CHATHIO CIEKTPOB, OMMCbIBAeMbIX 
He KPHBOH Ha MNOCKOCTH, a MOBepXHOCTbIO B TpeXMePHOM HIM, BOOOIe ToBOpA, 
MHOTOMepHOM poctrpaHctse. K 3afa4¥amM MHOrOMepHO CheKTpOMeTpHu OTHOCATCA, 
HallpuMep, 3aa4H WCCIeqOBaHHA TaMMa-CIeKTpOB pasMalMOHHOrO 3axBaTa HeHTPpOHOB 
pa3/IM4HOK SHeprHun, ACCHeAOBAaHHE YIOBLIX KOPpeNAUMi AWepHBIX peakuNii UT. O. 


B Hactoamlee BPeMA HAaMeCTHJIMCL DBa HallpaBeHHA B Pa3BHTHH MHOrOKaHaJIbHbix 
pervcTpupyrommx cucTemM. OHO 43 HHX 3aKMIOYaeTCA B MCHOIb30BaHHH OObIMHBIX 
MHOTOKaHaIbHbIX aHau3aTOpOB B 3ayjayaxX MHOTOMepHOro aHasM3a IlyremM pa3GveHuAa 
»laMATH’ TaKHX CHCTeM Ha OTenbuble rpynmsi [1, 2, 3, 4]. Orcioma BLitekaeT crpeM- 
JleHHe K YBeJIMYeHHIO EMKOCTH ,,1aMATH CHCTeM, 4TO BEET K ECTECTBEHHOMY yCIIOX- 
HeHHIO alllapatypbl. OcobeHHOcTbio TaKUX CHCTeM ABJIACTCA TO, YTO paccopTHpOBKa 
HHDOPMallHH TO KaHasiaM 3allOMHHarolero YCTPOlicTBa OCYIIeCTBIIAeETCA, KaK WpaBHJio, 
c GombIM0H CKOpOCTHIO H HOSTOMY BeyeTCA HelOcpeACTBeHHO BO BpemMs 3KCHepHMeHTA. 
IIpu 3TOM BxOZ perucTpupyroujei cucTembI ONokupyeTca Ha BpemMsa, HEOOxOMMOe 
aia BEISopa afpeca MH NpoBeyzeHus apudbmeruyeckux onepammi. Cnasysim npeumy- 
IWe€CTBOM TAaKHX CHCT€EM ABJIA€TCA BO3MOXKHOCTh OCYIIECTBJICHHA CpaBHUTeNbHO 
HeCJIOKHBIM TlYTeM BH3YaJIbHOTO KOHTPOIIA 3a HakallIMBaeMOH MHPopMaunel B xOZe 
CaMOro SKCePpHMeHTA, a TakxKe TO, YTO NOM y4eHHve NEPBUYHbIX Pe3yIbTATOB H3MepeHHit 
B Be MIOCKOrO WIM MHOrOMepHOrO ciieKTpa MoxeT 6bITb MpoOBezeHO HeMmocpenCT- 
BeHHO Nocie 3aBeplmieHuA H3MepeHHit. OWHAKO yBesIM4eHHe YuCIIa KaHAaJIOB perucTpupylo- 
IWMX CHCTeM C NaMsATbIO Ha MarHHTHBIX cepyeyHukax [4] uM noTeHunasocKxonax [1] 
Gonee HeCKOJIBKUX TLICAY CBA3AHO C LCJIbIM PALOM TeXHM4ECKHX TPyAHOCTeli, NPUBOIS- 
WUMX K 4pe3BEIYaHHO CO*KHOCTH allmlapatypbi. Perucrpupyroulas cucTema Ha WecATb — 
UBaquaTb ThICAY KaHaNOB nMpuOmmxKaeTCA B BONPOCaX 9KCIWIyaTalM M CTOMMOCTH K 
CpeyHeMy KJIaccy 3/IEKTPOHHbIX BbIYMCIIMTEJIbHBIX MallIMH, 4TO, ECTECTBEHHO, Haka jIbl- 
BaeT OMpeyeyIeHHble OrpaHv4eHHA Ha MCMOMb3O0BaHHe WaHHOK alMMaparypbi B u3H- 
YeCKHX 9KCIepHMeHTaXx MIMpOKoro @poutTa. 


JIpyroe HanpaBnenne B pa3BHTHM MHOTOKaHasIbHbIX CHCTeEM, NO3BOJIAFOLLICe 3HAYHTEJIb- 
HO, YBCJIMYHTb YHCNO KaHaJIOB H, CieHOBATeNbHO, 3MMeKTHBHOCTh perucrpupyromel 
CHCTeMBI, 3aKJIIOUAeTCA B HCNONb30BAHHA UpeyBapHTenbHOH TaMaTu Gonbuloh eM- 
xoctu. Umnynpcal, Hecynme undopmMalluio, 3aMOMHMHaIOTCA B 3TOM Ciyy¥ae HeMOcpeL- 
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CTBEHHO NO Mepe HX NOCTYIMIeHHA B TIpezBapuTeNbHOK NaMaTH maG60 B CBOeEM TepBoHa- 
YaIbHOM Bue, 1460 MpeoGpa3zoBaHHble B wncHOBOK Ko [5, 6, 7]. B Ka¥ecrBe Takoli 
HpeqBapHTenbHOK WaMATH MOTyT GbITb HCHONbL30BaHbI MarHHTHad JIeHTa, MarHMTHbiii 
6apa6au, KuHONeHTa uM T. 0. Ilo OKOHYaHHM SKCNepHMeHTA HakOMIeHHad HHbopMaunAa 
o6pa6aTbIpaeTca, T. €. paccOpTHpOBbiBaeTca HO KaHawiaM MHOTOMepHOTO pocTpaH- 
crBa. B xauyecrse ycrpoiicrpa oOpa6oTKH MoxeT ObITb HCnONb30BaH OOBIMHDIi 
MHOPOKaHasIbHbI aHAIM3aTOP CO CPaBHHTeIbHO HeOONbINOH eEMKOCTbIO ,,NaMsATH'. 
Paccoprupopka Bceii WHtOpMallMM NPOH3BORHTCA TO 4aCcTAM. 


Bropoi ocoGeHHOCTbIO TakOM CHCTeMbI ABJIAeTCA TO, 4TO OGpaboTKa pe3ysIbTaTOB 
M3MepeHu IIpOvWCXOZHT He3aBHcHMO OT paOOTbI yHHKaJIbHbIX yCTaHOBOK (peakTop, 
yCKOpuTeib MT. Q.), THMMTMpylollMx, Kak MmpaBHIO, BpeMA HelmocpeACTBeHHOrO 
9KCHepHMeHTa. DITO MO3BOJIAET MPOBOAHTL OOpa6oTKy SKCMePpHMeHTAJIBHBIX DaHHbIX 
pa3JIHYHbIMu cnoco6aMH, 0 4acTAM, NOBTOPAA OTeCbHbIe JTANbl, He TePAA IPH 9TOM 
Me€PpBOHAYaJIbHOTO 3JKCIICPHMeHTaIbHOTO MaTepHasa. 


1. CrcTembI perncTpauHH Ha MarHHTHOH JieHTe c pa3paBHHBaHHeM CTaTHCTHKH 


B kayecTBe mpegBapuTenbHow naMaTH OombuIoH eEMKOCTH MHOTOMepHOHM perucrpH- 
pytouleii cucTeMbI B HallieM cilyyae HCNONB30Bamacb 35 MM MarHHTHas JieHTa, 3alHCb 
Ha KOTOpylO MOIJIa NPOH3BONMTbCA B BHe DBOMYHOTO YCiIa OMHOBpeMeHHO To 25 
gopoxKam. © 

Bslok-cxeMa perucrpupyroulei CacTeMbI npeyctaBieHa Ha puc. 1. Bnoku mpeo6pa30- 
Banus 1, 2, 3 npeoOpa3yloT Nocrynalomyro 10 BxozaM 1—3 mHdopMalinro B ABOMYHOe 
4anco (1BoHuHBI KON). Uncno pa3spay0B Kaxgoro 43 GnoKoB npeobpa30BaHuaA MO2KHO 
H3MEHATE Tak, uToGnr oGulee WACO paspaqOB He NpeBbiiaso 24. 


Tlockonbky HHpOpMallMA, NocTynarollad Ha BXOX CHCTeMBI, CTAaTHCTHYeCKH paciipese- 
yleHa BO BPeCMeCHM, TO NOCHe MpescTaBIeHHA e€€ B DBOWYHOM Kone K He MOxeT GIT 
TIpHMeHeH MeTOL ,,paspaBHuBaHua [8, 9, 10, 11]. baox ,,paspaBpHuBaHua (puc. 1) 103- 
BOJAeT B TaHHOM Clly4ae MPOBOAUTh 3aNWCh CTATHCTH4eCKOH HAHOpMallHH Ha MarHuUT- 
HYIO NeHTy B dopMe, Gum3KOH K PaBHOMepHOpactIpedeneHHOH BO BPe€MeHH, 4TO, B 
CBOIO OYepenb, oGecewBaeT 3alMch Ha JIeHTy C MpeenbHOM MWAIOTHOCTLIO Hu, CNezO- 
BaTeCJIbHO, MO3BOJIACT COKpaTHTb BpeMaA Ha OGpaGSoTKy HM KOsM4eECTBO HMCHOb3yemMon 
NeHTHI. 


3Jarmucb B HallieM Ciy¥ae MpOH3BOUMacb MpOOJbHbIM NlepeMarHH4MBaHHeM, pey- 
BapHTesIbHO HaMarHH4eHHOM JIeHTbI 10 UBYM yPOBHAM C MpoMexyTKaMH MexKYy 
3HaKaMH, 4TO NO3BONMIIO 3HaYHTeNbHO yMpocTHuTb GOK CYMTbIBAHHA C MarHATHOI 
JIeHTbI (puc. 1). OQHOBpeMeHHO Cc 3aNHCbIO HHDOpMalMN Tpon3sBOZMNACh 3aNKcb 10 
OTAeCIbHOH WOpoxke cilyxeO6HOrO cTpoGupyromiero HMMyIbca. 


2. baok pa3paBHHBaHHaA 


Bnoxk pa3paBHBaHHA B ONHCbIBaeMOli CHCTeMe BbINOJIHeH Ha PeBePpCHBHBIX CABHTaro- 
mux perucTpax. B ocHose peBepcHBHOrO CABHTalomero perucTpa JIexKHT CxeMa O]- 
HOTAKTHOTO CBHraIOWero percrpa c ypaBlaembiIM pa3paq0oM em«koctTei [12]. 
PesepcuBHble CoBHratoulve peructpsi 6n0ka pa3paBHuBaHHA BLITIOJHEHEI B BAe OTIEIIb- 
HBIX JIMHeeK (puc. 2), YACIO KOTOPBIX COOTBETCTBYeT HCY DJBOWYHEIX pa3paqoOB BCex 
Tpex 6noKkoB npeo6pa30BaHua. Mlepenoc mAdopMaliMM H3 apecHbIX ycTpOiicTB 610KOB 
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npeo6pa30BaHua B 610K pa3paBHHBaHUA OCyM[eCTBILAeTCA HMMYJIbCOM 3anvcu, chasupo- 
BaHHBIM c yacroTow 100 xry. 3Ta yaCTOTa ABMAeTCA TaKTHpyloweii YacToTO Sn0Ka 
pa3paBHuBaHua. 


Puc. 1 
Baox-cxema perucrpuipyioiielt CHcTeMbI Ha MarHHTHOK JIeHTe C pa3spaBHuBaHveM 
CTaTHCTHKA 


1, 2, 3 — Gnoxu nmpeo6pa30BaHna 
4 — pa3paBHuBaloulee ycTpolicrBo 
5 — 60K MarHUuTHOK 3anncn 
6 — 6noK CYHTDIBAHHA C MarHATHOM JICHTbI 
7 — pacipegeutenbHoe ycTpolicTso 
8 — copTupyiomee yetpolicrso (1024-x KaHaJIbHbIii auasu3aTOp) 
9 — 6nox BHIBOMa HaHHbIX 


dd 
A 4, < Any 


4, As, ae Ay ‘ As, 3 
sate p eg esrey y 


GASHPYIOWKE MMNYAbCHL 


WMOYNbCbl 3ANHCH 
WMAYNbCbI NEPEKOCA 
HA 9, (aa) 
TAKTOBbIE AMNYAbCbI 
‘BANKCH (bb ) 


TAKTOBBIE WMNY/bCHI 


I 
CHNTBBAHNA (bb) Ht JL aanuce * 


WMNYNbCbI GABHTA (6) eS == LT orweanne * 


BDIXOAHHIE MMNYMIRCbI 
(dd) 


t 
CHNTDIBAKNA 


Puc, 2 
Pa3paBHuBalolimMi peructTp 
J — cxema pesepcuBHoro perucTpa 
2 — ppemeHHble WuarpaMMbI paOoTbi 
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VUmnyspcer, cooTpercrayromue ,,1‘ Kaxgoro pa3paqa 6noxa mpeobpa3onanusa, 
HOCTYNalOT Ha NepBble CepaeCYHMKM CABMTalOuIMXx perucTpoB ®, (puc. 2), nepeBoza ux 
B cocTosHne ,,1“‘. TakToBbIii HMITyJIbC 3alnMcn, 3a2epKaHHbIli Ha 5 MKCeK OTHOCHTEJIBHO 
MMUYJIBCOB (ba3HpoBkH, Mepenocut ,,1‘‘ Ha BTOpHYHEIe cepyeqiHuKH H OcBOGORAAeT 
NlepBele cepyewnKn. TakuM o6pa30mM, mocie OKOHYaHUA MepeHoca mMHdpopmalHA 
OKa3bIBaeTCA pa3MeLIeHHOlL Ha BTOPBbIX CePNeCYHHKaX pPeBSPCHBHBIX CABUTarolyHXx 
perucrpos @2. Tlocnenyromaa 3ammch MHbopMalinn B ONOK pa3spaBHABaHUA WpOMcXxOuMT 
noq06uBIM 2%«e O6pa30M, NepexBurad paHee 3anucaHHyto MHOpMalMIO Ha TpeTbu 
cepneinnkn ©; (puc. 2) uw Tax Aanee. PesepcuBuble COBHraloniMe perucrpbl cHocoGHEI 
IIpHHHMaTb HHPOpMaLHto yepe3 10 MKceK. 


Bo BpeMa CYHTBIBAHHA C peBepCHBHOTO cABHralomero perucrpa mMHpopmalna, 
3almMcanHad Ha CepnewnuKkax ©2— Dg (puc. 2), nepeqpuraetca B OGpaTHOM HallpaBneHuu 
copaba HaseBo, BEIxoaHbIe OOMOTKH, C KOTOPbIX MMITYJIbChI NOcTymafor B OOK 3alHCcH, 
pa3MeLIeHbI Ha BTOPbIX cepnewHuKax D2 (puc. 2). Takrosble MMMYIbChI CUMTSIBAHHA 
MOCTyNaroT C nepHowOM Tour, KOTOPHIi paBeH MHHHMalIbHOMy mepwony 3alucu Ha 
MarHTHy?o senty. [ipa pa3nH4Hbix CKOpOCcTAX JBWKeCHHA JICHTLI B PexXUMe HAKOIMICHHA 
wHOpmMallMu 3TOT MepHoe MoOxeT perysMpoBatTeEca Tak, ¥TOGEI OGecne4YTb 3allHCh C 
MaKCHM@JIbHOK WIOTHOCTHIO. B HallieM cily4yae WIOTHOCTb 3amMcH cocraBnana 10 
MMITyJIbCOB Ha MM. MimmysIbcbl CUNTEIBAHHA, KaK HM MMIMYJIbChI 3allucu, da3sHpyloTca 
yacroTroH 100 xry. CunTpiBaHHe HHOpMallMM Cc perHcTpOB MOXeT MPOH3BORRTECA 
JIMIIb B TOM ciryyae, CCIM Ha WaHHbii dasupyrowmit HMIybC He IPHXOUMTbCA 3aMch. 


B poTHBHOM ciyyae CYHTbIBAHHe 3a0epxKuBAeCTCH MO cilenylomero tba3supyromero 
MMIyJIbca. 


PepepcHBHoe CYHTLIBAHHE NO3BOJIACT YMCHbIUMTh OOLIce BpeMs#z BHIBOAa BCeii HHOp- 
MallHH 43 OnOKa pa3paBHHBaHHa. 


Hanpapnenve copura HHpOpMauMH B perucTpax ONpeneAeTCA COCTOAHHEM TPHOOB 
ITT, uw IT, (puc. 2). B pexume 3anucu JTT, orkppir nocrossHo, ITT, 3ammpaerca 
MMMYJIbCOM CBura Ha BpeMaA 3apasna emKocTeli C)—Cs5; B pexUMe CIMTEIBAHHA, 
HaoOopot: I7T> nocrosHHO oTKpsiT, /7T, 3amuMpaeTca Ha BpeMa 3apaya emKoctTei. 
Hanmpumep, ecnu B cepgeyHuKe ®3 3anmucana ,,1‘‘, TO mocne TaKTOBOrO MMHyIEca 
3aNMcu HHDOpMallMA NepeHOCHTCcaA Ha EMKOCTb C3, a 3ATEM 3alIMCbIBaeTCA B CepeYHuKe 
@4. B pexume cinTHIBaHHA HHopMauuaA c ©; nepeHOCHTcA Ha EMKOCTb C2 c TocsIeAy!0- 
IMM 3aHeceHnen ,,1° B cepneqHuK ®. 


3. Emkocrp 610ka pa3paBHHBanna 


HenocpeycTBeHHoe MpvMeHeHve MarHHTHOM 3anvcH Jin peraMcTpallMu cTraTucru- 
YeCKHX MMITyIIbCOB He MOXET ABIATbCA PallMOH@JIbHbIM BBHMAy HH3KOK cpegHelt 
TIMOTHOCTH MMUYysIbCOB Ha MarHHTHOM HOcuTene, Pa3spaBHuBanne, BKMKOUeHHOe nepea 
3alMCbIBarlOLIMM YCTPOHCTBOM, HCKJIKOYaeT STOT HeEAOCTATOK. 


Jia cily4aad paBHOMePHOrO CTaTHCTHYeCKOFO NOCTYIMVICHMA UMIYIIBCOB, HO, KOTOpbIM 
Mbl NIOHHMaeM paBHOBepOATHOe NOABIIEHHe B CpeqHeEM OHOTO HM TOrO 2Ke KOJMYECTBA 
umnynpcos No B 0G6bIe paBHbie OTPe3Ku BpeMeHH, Kak “3BeCcTHO [9, 13], HeoOxonHMO 
4—5 3anomMuHarouIHx 92eMeHTa B pa3paBHHBaIOWleM YyCTpoiicTBe. OTO KOHAeCTBO 
omleMeHTOB OGecnewutT pn Not < 0,5 nmorepro cuera MeHee 1% wim, wHade TroBOpS, 
9TO HO3BONMT yBeJIMYATb MWIOTHOCTh 3aNMHCH MMMyIbCOB Ha MarHHTHy!O JIeHTy B 
50—60 pa3 (Y¥epe3 +t oGo3HaYeHO BPeMaA LIMKNa OCHOBHOM lamaTH mpHOopa). Takum 
o6pa30M, axe Mp TaKOM OTHOCHTe/IbHO OOJIbUIOM MepTBOM BPeMeHH CHCTeMbI 
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MarHuTHO perucTparmu, Kak 5.10-3 cex (aro cooTBeTcrRyeT 3anucH 40 10 uMIyNBCOB 
Ha MM IIpW cCKOpocTH NeHTbI 2 CM B CeK), MOXKHO 3anucaTb BO 100—150 cratucTu- 
YeCKHX HMIYJIBCOB B CeKyHy. C TOYKM 3peHHA MPOCHeTOB CHCTEMBI perucTpauMu 3TO 
9KBHBaICHTHO YCTpOlicTBy C MePpTBLIM BpemMeHem 80—100 mxcex. Pa3pasHuBaHne kak 
6ObI yMeHbIlaeT MepTBOe BPeEMA ycTpolicTBa B 50—60 pa3. 

Tipu wanix, HepaBHOMepHEIX NocTynmeHuax uMnybcos TpeGopanue Not < 0,5 6yneT 
HeOCTaTOYHEIM. B 3TOM culyyae HeOOXOAUMad EMKOCTL PaspaBHMBarOllero ycTpolicTBa 
OJDKHA OMpeyesATbCA He TOKO pa3s6pocom cpeyzHero yncIa No, HO HM BO3MOXKHOCTbIO 
3allOMHHaHMA OTJENbHEIX BPCMEHHEIX OTKMIOUeHM UNCeN UMMyIbCOB oT Np. 

PaccMoTpHM, Kakue TpeGoBaHHA ClleyqyeT NIpeAbABJIATb K CMKOCTM pa3paBHHBalo- 
wmlero. ycrpoiicrBa iia WByx HanGonee yacTO BCTpeyaeMbIX CHEKTPOB: 9KCHOHeEHTAa H 
TMPAMOYTOMBHUK. 

OKcnonenyuasonaa Gopma cnekmpa Tipu wAKM4eCKOM MOBTOpeHHu Cc epHonoM T 
(puc. 3) MoxeT XapakTepH30BaTbca CUIELYIOMIMMM COOTHOLMICHHAMH: 


T t 
NoT=KNofe ° dt; (1) 
o 
geet _ tam 
 dnm ~—m—ti 


N 
No 
5 —m:167 
m—m310" 
‘ T= 107 ex, 
T= 2,510" cen. 


Puc. 3 
@Mopma cileKTpa H eMKOCTb pa3paBHHBalollel CHCTeMbI 


Yuantprwas, 4TO 4YWCMO MOCTyMaOMMx MMNyILCOB MOXKeT sryKTyHpowaTh B 95% 
cuyyaes (1s11 HOPMasbHOTO 3aKOHa BpeMeHHOTO paciipeseneHuA MMMyJIbCOB) HO OBYX 
KBaPaTHUHbIX OWMMGOK, MOXKHO OL[EHHTb EMKOCTS pa3paBHuBarollel cuctempl (P) WA 
Tok oOmacTu cnextTpa, roe KNot > 1, Kak 


T pe t t 
P=——-N)[1—e7 | +2 No(I-t-e) —- (2) 

1+m T 
Ha puc. 3 noxa3aHa Benmuuna P Kak yHKUMa Bpemenu Ayla AByX cnyyaes m= 10-2 
um = 3-10-2 (IIpu 3Tom ya KonkpetrHocru upunato T = 10-1 cex, 1 =: 2,5-10-3 cex). 
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V3 npupezenupix cooOpaxeHwit cyleqyeT, 4TO WIA 3KCHOHeHIMANLHOrO cneKTpa 
MOMMMO TpeOoBaHHA Not < 0,5 3a uk HeOOxOguMO, ITOGEI EMKOCTE pa3paBHUBalo- 
ie cucTembI Obiia He MeHBIe, YeM MaKCHMasIbHOe 3Ha¥eHHe P max. (puc. 3). 

B peanbupix ycnosusx BpeMeHHoe pacnpeyenene HMIyIECOB, KaK NpaBuno, npo- 
MOAYJIMPOBaHO pe30HaHCHBIMH TMKaMH. MooKHO yCNOBHO IPHHATb, 4TO MOAOGHEIE 
TMK NpeqcTaBisoT co6ol paBHble MpPAMoyeosbHUKU C MHTCHCHBHOCTHIO Noi U 3aHH- 
MalOT kaxkybIii 10 Wkasie BpeMeHM OTPe30K /;. B 3TOM Culy4ae UpH COXpaHeHuN cpeyuelt 
MHTCHCHBHOCTH No H PaBHOMEpHOM YuCHe NHKOB BAOb MIKaNbl BpeMeHH UX MpuBe- 
eHHad WHTCHCHBHOCTh MOxeT G6bITb BbIpaxKeHa: 


._ lott 
Noi = ~—— No, 
1 


Tue t2-MHTepBasIbl MexkAy WHkamMu. OTCcIOga EMKOCTh pa3paBHuBalollelt CHCTeMBI: 
P= Not2z+ AN 


Kak oTMeyeHO BEIIe, WOCTATOYHO YYMTHIBATh OTKJIOHeHHe B Be CTaTHCTHYeCKHX 
omu6ky, T. e. B o6mlem Bue 


: 
P= Noh +2V Noh _ (3) 


TakaM o6pa30m, yueT dOpMsI peasbHOro cheKTpa BBI3bIBAeT HEOOXONHMOCTE yBesIH- 
4HBATb CMKOCTb pa3paBHMBalomlel CHCTeMBI BbIlHe, 4eM 3TO HMeeT MECTO JIA PaBHO- 
MepHOTO CTaTHcTMYeckoroO NocTynmeHud uMnynEcoB. Ana GonpmMHcTBa npumMencHuit 
MOXHO CYHTaTh OUPaBaHHbIM P = 10—35. Tipu 9Tom ocraetca B cune TpeboBanne 
Not < 0,5. 

Takoe KOMM4eECTBO 3IeEMEHTOB pa3paBHUBAlOlieii CHCTeMbI NOSBOJIMT perucTpupoBpaTb 
c mpocueTamu MeHee 1—2% TMKH C HHTCHCHBHOCTHIO, Gobel ¥emM CpeHAA HHTeEHCHB- 
HocTb No, OT AByX HO WBayuaTu pa3 c MHTepBanaMH MexAY HUMH OT 5 tT DO 30. Tipu 
MCHBIIMX HHTCHCHBHOCTAX WHTEpBasIbl MOLyT ObITb COOTBETCTBEHHO YMCHBIICHE. 


B npeyenbuom cuyyae ,,y3Koro“ chekTpa np WuKMMYeECKO paboTe c Hepvonom T, 
korga 3a BpemMa” f NOCTyNaeT BCe KOJIMYeCTBO MOANeKaLIMX perucTpallMH MMMyIIECOB, 
CpeqHA WHTCHCHBHOCTL KOTOpEIX No, CMKOCTb pa3paBHUBarolielt CHCTeMBI TOIKHA 
OBITb 


P=NT+2VMT—— (4) 
Tt 


TIpocuersr 610koB8 BXOQHOM YacTH perucTpupyromiei cucTeMbI Ha MarHuTHO MeHTe 
C pa3paBHHBaHHeM CTaTMCTHKH MOTyT OBITB OLeHeHSI OOLIMHLIMM CTaTHCTMYeCKHMM 
MeToyamu [14], k cucTeme peructpaliMM c pa3paBHuBaHHeM, BKIOYeHHOM Tocne BxXO- 
HOM 4aCTH, MOryT ObITh NIPHMeHEHbI CTaTMCTMYeCKHe 3aKOHBI, PacCMOTPeHHbie B 
[9, 13], nockombky MepTBoe Bpema coGcTBeHHO MarHUTHO 3anMcH MHOro Gombe 
MEPTBOFO BpeMeHH NpewbIAyWMXx 610KOB. 


B Hanlem ciyyae 4c0 sneMeHTOB NaMaATH B 6nOKe paspaBHHBaHHA OEIIO BLIGpAaHO 
M3 YCIOBM pervcTpallMA OTHOCHTeIbHO paBHOMepHOrO cnexrpa. OyHaKo cxema 
pa3paBHMBaHHA MO THIly CUBurarollero perucrpa onyckaer 6e3 BBeEaeHMA DONON- 
HUTCJIbHBIX Tene pereHepallMd yBeIM4HTb yuCNO M¥eeK NamaTu yO 10—12 nytem 
mpocToro HoOaBneHuA ceprewHkos (P7, D3, Py uT. O. puc. 2). 


5* 
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4. Paccopruposka Ha®opMaHH No kaHasiaM 


TIpumMenenve MHOroqOpoxXetHOK 3alMCH NMO3BOMAeT MpakTH4ecKH HeOrpaHHieHHO 
YBENMYHTb YCO KaHalloB PerMCTpMpyrolleH CHCTeMHI. Tak npu 25-f0poxeiHO 
3anmucw MOxKHO uMeTpD (225—1) KaHasIOB, 4TO CocTaBaeT MpHMepHo 32 MuNIMOHA 
KaHasIOB. 

Ilpaxtuyeckas peasmm3aliMa Takoro KOJIMYeCTBa KaHaJIOB MHOTOMePHOi CHCTEMBI 
CBA3aHa, B NepBy¥o O4epesb, CO BpeMeHeM OOpaOoTKH HM BLIBOAOM TloslyyaeMbIX pe3ylIb- 
tatos. Ecnm o603HayuTb obmee HCO KaHasIOB perucTpupyronielt cucTemMpr yepe3 M, 
YHCNO KaHasIOB copTupyroulero ycrpoiicrBa (puc. 1) uepe3 Mcopr., TO OuleHKy ducua 
KaHaNlOB MHOrOMepHOw CHCTeMBI MO%KHO TpOBecTH u3 CHeqylomMx coobpaxeHuii. 
Bo-nepBbix, CKOpocTh JBWKeHHA MarHHTHOK MeHTbI upa oGpadoTKe unbopmanan 
MOxeT ObITh B COTHH pa3 GOubIIe, Heke pu perucrpauun. Bo-BTopplx, BpeMa Ha 
o6pa6oTky uAdopmMauma He cBA3aHO Cc paGoTOM peakTopa, ycKOpiitend wT. O. U 
MlO3TOMY MOXKeT MpeBblaTb BpeMa H3MepeHuA. B 9TOM Cilydae CHpaBeiJIMBO COOTHO- 
wenne 

M = K,-K2- Mcopr. (5) 


3uecb K,; — OTHOMeHHe cKOpocTH NeHTE! pH OOpaGoTKe K CKOpOCTH JIeHTbI NpH 
perucTpaunn; 

Ky — oTHomeHue BpemMeHu, OTBOZMMOrO Ha OOpaGoTKy Bceli 3aperucTpapyemon 
MHdopMallMu, K BpemMeHH H3MepeHHit. 


Benuunua xosbd@unuenta K, Ges oco6oro Tpyaa Moxer O6xirb caenana 100 u Gone, 
Tak 4TO pH BpeMeHH OOpaGboTKH, paBHOM BPeMeHH M3MepeHHa, yBelIMYcHMe TMC 
KaHasIOB MHOTOMepHOM cucTeMbI Goslee, eM Ha 2Ba NOpADKa, UpeBbiluaeT YCNO 
KaHaJIOB COPTHpyrollero ycTpoiicTBa. 


5. Baipoy, AaHAbIX 


CymlecTByIOMIHe MeTODHI BbIBOMa pe3yJIbTAaTOB 9KCHePUMeHTOB C MHOTOKaHaJIbHbIX 
aHamM3aTOpoB TakHe Kak leyaTb Ha Gymary B 4ucIOBO dopmMe, asToMaTMu4ecKoe 
BLMepYnBaHHe rpaduKop wu T. 0. CTaHOBATCA Mamo3p@eKTHBHUMBEI B Cily¥ae, KOrWa 
YHCIO KaHaNOB PerHCTpHpyFOUMX CHCTeM HIpeBbIlMaeT HECKOJIBKO THICH4. 


AxBToMatuueckoe nepopHpoBanve Ha KMHOJIeHTy WIM Ha KapTbI B 3HAYMTeNbHO! 
cTeneHH ympomaetT o6paGoTky 93KCHepHMeHTaJIbHbIX MaHHbIX PH ycJIOBMM MCHOJIb- 
30BaHHA BEIMCHUTENbHEIX MaUIHH. OnHaKO M 3TOT MeETO CTAaHOBHTCA Masl0appeKTHB- 
HbIM IPH MHOTOMepHEIX W3MepeHHAX C YHCJIOM KaHasIOB AeCATKM HM COTHH THICHY, 
llockombky Tpe6yer oGpamieHHa c 4pe3MepHO GOsbIMIMM KONMYCCTBOM JICHTBI (aM 
KapT) HM OllyTHMo G6O7bUIMM BPeMeHeEM BBIBOZa MHPOPMAalMM H3 COPTHpyrOUIero 
ycTpolicTBa HW BBOAa ee B BLIYHCIIMTeIbHYIO MaliIMHy. 


B nauteit cucteme (puc. 1) mpeaycmoTpeHb! gpa cooco6a BEIBOya uBpopMaluL, 
HoOBEIMAaLoMMe sphexTHBHOCTL OGpaGoTKH pe3y_LTaToB w3MepeHua. IlepBai u3 HX 
TipeqHa3sHayeH JIA BU3yaNbHO OLeHKU H PydHO oGpaOoTKu. 


IIpeypapuTenbHo BbIBOAATCA MaHHbIe, COOTBETCTBYIONIMe MHTerpasIbHOMy pac- 
peneseHHio HHPOPMaLMH B OTENbHBIX yyacTkax cnexrpa. Haupumep, mpH amrum- 
TYJHO-BPeMeHHEIX H3MepeHHAX BLIBOUHTCA BPCMeHHOM CheKTp UpOcyMMuUpOBaHHEI 10 
BCeM MIM rpyiiie aMmmuTyAHbIx KaHasioB. AWanorM4yHbiM O6pa30M MO>KHO BbIBeCCTH 
aMIJIMTY THEI CHeKTp IPOCyMMUPOBAHHbI 10 BCeM MIM Tpyilie BPeMCHHbIX KaHaJIOB. 
[lo 3TuM WHTerpanbHEIM CheKTpaM NpousBOUUTCA BU3YaIbHad OL|eHKa H BEIOUpaIOTCA 
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TPyNMbI kaHasIOB, NO KOTOPbIM BbIBORMTCH Nonna HAopMaua. Tako BbIBOA 103- 
BOJIA€T 3HAYHTEIIbHO COKpaTUTb BpeMaA Ha OOpaboTky 3a CYeT YMeCHBUICHHA BLIBOMMBbIX 
T@HHEIX (4TO 9KBHBAJICEHTHO yBeJIM4eHHIO K2 B CooTHOMeHHH 5). 


Bropoi cuoco6 Beroga AaHHbIX 3ak1o4aeTCA B HEMOCpeCTBeHHOM CBA3H COPTUpyto- 
wero ycTpolicrBa c BLIMCIMTeIbHOH MaliMHoi. Mndopmauwa u3 copTupyroulero 
ycTpoiicrBa Tepeyaetca B 3TOM Cyy4ae NO KaGOesO BO BHEIIHIOIO NaMATb BbIYMCIIMTEIb- 
HOM MallMHEl, KOTOPOK nopyaaerca BCH DanbHeiiaa OOpaSoTka SKCIePHMCHTAJIbHbIX 
TaHHEx. B 3TOM Ciyyae KOHTPOJIb CO CTOPOHbI 9KCIepHMeHTaTOpa 3a pe3yJIbTaTaMH 
W3MepeHHit OCYMIeCTBIAeTCA IO HHTErpasIbHbIM JIM OTICJIbHbIM YaCTHbIM CneKTpaM. 
Bpwog xe Bceli HHOPMalMH B ABHOM Be He Mpow3BOAuTCA. Takai CHCTeMa HeMOCc- 
pecTBeHHOH nepeqayH aHHBIX C aHaIM3aTOpa BbINOHeHa B Halle naGopaTopuu 
6yneT onHCaHa B Ipenpuutax OMAN. 


6. Merox npeapaputerbHoro oT6opa 


B xone BEMONHeEHHA ONMCAaHHO BLINIe MHOrOMepHOH CuCTeMEI (puc. 1) NpoBOAHIMCE 
o6cyxyeHua Apyrux 60K-cxeM MHOTOZ0poxeqHO!i 3alMcH HHPOpMalIHH Ha MarH¥THY!O 
qeHTY. 


OnuuM u3 HeyO6cTB cucTeMpBI puc. 1 sBAAeTCA TO, 4TO B HpoLecce COpTUpOBKU 
HHopMalwH, 3alMMcaHHoO Ha JIeHTe, IPHXOZMTCA HECKOJIbKO pa3 DOBTOPHO NepemaTEI- 
BaTb JIeHTy C TEM, YTOOEI 10 YacTAM PaccoprupoBaTs Bce WaHHbIe. MoxHO nepeHectH 
lpowecc rpymmoBoro pachpenenteHuA 43 WUKa CYMTHIBAHHA B MK pervcTpallav, YTO 
3HAaYMTeMbHO COKpaTHT WHHY ONpaliMBaeMOi NeHTsI WIA Kako rpynnb. bnox-cxema 
WIA 3TOTO cyyyad MpeycTaBsiena Ha puc. 4. 


BXOA 1 


BXOA 2 


BXGA 3 


Puc. 4 


Byrox-cxema peructpupyioulei CAcTeMbI B IpeABapHTeJIbHLIM OTGOPOM 

1, 2, 3 — 6noxn npeobpa3z0Banna 
4 — pa3paBHMBalomlee YCTPOHCTBO 
5 — 6nok MarHuTHOH NeHTbI 
6 — 6nOK CUMTHIBAHHA C MarHHTHOW JICHTBI 
7 — pacnpeyesMtTesbHOe yCTpolcTBO 
8 — copTupyiomiee ycTpoiictso (1024-x kaHanbHEIit (aHanM3aTop) 
9 — G6noK BbIBOTa aHHBIX 


IIpu Taxom poge paGoTsi pallvOHasIbHO BecTH 3alIMCb KaxO rpynMbI KanasioB Ha 
cBoro wenHTy. Tak Kak HHopMallwaA KaxAOW TpyMIbl HeCeT YaCTb WaHHBIX BCelt MAdOp- 
MallMH 110 BXOZy UpHGopa, TO B 3TOM Cily4ae MOXHO HOO NOHWKATb CKOPOCTb MarHAT- 
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HOM JICHTEI KaxKnO pyre, mu60 yEeIMYATb cpemHee YMCIO MMNYIBCOB Ha Bxone 
upu6opa. OgHako cucTeMa rpymmozoli 3anvcu mpu napasienbHOM perucrpauMu BCex 
pa3pa0B OHOBpeMeHHO TpeOyeT CHIIBHOFO yCIOKHEHHA 3alNHcEIBarOUleii cucTemBI. B 
BHAY STOO pallMOHnaJIbHO BeCTH FpyHMOBy!0 3aMCb MOCMeMOBATEIBHLIM KOJIOM, OTBOTA 
iA KaxKgOK TpyMibl KaHasIOB CBOIO ZByXOPOxeYHylo cucTemy 3arucu. J[na 3Toro 
cny4ad CKOPOCTh JI€HTbI Ip 3aNMcH Jin COXpaHeHWA MpexHero MepTBOrO BpeMeHH 
HoukHa ObITb ypenwueHa Ha 4HCIIO paspayqos. IIpaxtwyecku HyKHO WATu-ceMuKpaTHOe 
YBeJIMYeHHE CKOPOCTH JICHTbI KaxKTO rpynUbl, BBAAY 3allucw 10 MATH-cemu pa3pAqoB 
NOCHIeHOBAaTeIbHO Ha KaxkTOM AOpoxKe. 


JIpumensss MHorogopoxeyHy!0 3alMcb, AJId KOTOpOM OcyMiecTBNeHa MpeqBapuTemb- 
Had COPTUpOBKa NO rpyllaM kaHvasIOB, MOXKHO NOZHATh CpeHHIOIO YACTOTY HMIyJIBCOB 
Ha Bxone npHOopa. Jia paBHOMepHoO pacnpeneeHHOM CTaTHCTHKH CyYeTa IO KaHasiaM 
YBeJIMYeHHe YACTOTHI HMMYJIbCOB Ha BXOJe MOxeT ObITh MPOMOPUMONANbHBIM YMCIIY 
rpylt KaHasios. 


7. KonCcTpyKTHBHBIe OCOGeHHOCTH 


B Jla6opatopun HelitpoHHot d@u3suKu OGbeqMHeHHOrO MHCTUTYTA AepHBIX HCCHEZO- 
BaHMi ObLI BbINOMHEH MaKeT MHOrOMepHO peructTpupyroulelt CHCTeMbI Ha MarHuTHOH 
HteHTe 10 cxeme puc. 1. B kayecTBe coprupyromlero ycrpoiictBa ucMonb30BasIbca 1024-x 
KaHaJIbHbId aHanM3aTOp C MaMATbIO Ha deppuToBbIx cepgeyHuKax [10]. Ha maxere 
Ob SKCrIepHMeHTaIbHO DPOBepeHbI OCHOBHBIC NapaMeTpel Takoii cucTeMBI. 


B HacTosulee BpeMaA 3aBepllaeTCA MOZTOTOBKa 3KCHeEPUMeHTAIbHBIX padoT m0 HBy- 
4eHHIO CH€KTpOB raMMa- Jlyyei, BOSHMKAaIOWMX IIpu 3axBaTe HeMTpOHOB pa3nH4HOl 
3Hepruu. B stom cny4ae GyayT ucnomb30BaHEI 1024 spemenHEx KaHara nu 128 ammu- 
TYHHBIX, T. e. BCA CHcTemMa GyyeT umMeTb 128000 KaHanoB. 


Tlepspii Gnox mpeoOpa3ospanua (puc. 1) BEMonHeH MO 60K-cxemMe aHanOrM4HEiX 
ONOKOB BPeMeHHbIX MHOTOKaHaJIbHBIX aHamu3aTopos. Bropoit 6m0K mpeobpa30BaHaa 
TIpeyqHa3Hayen Tid UpeoOpa3s0BaHuA AMIVIMTYIbI MMNysIbCa B ABOWYHI KO 0 W3BeCT- 
HOMy UpwHuuny Bunkuncona. Tpetuii 610k npeo6pa30BaHua Npeana3Ha4en ANA 3anMcu 
IIpH3HaKka MPOBOAMMOTO SKCHepHMeHTa. 

CkopocTb MarHuTHOH JeHTbI Mpu perucrpaumu BEiGpana 2 cM B ceKyHAy, 4TO 

oOecnewBaer DpH MpAMeHeHuN 6oKa pa3spaBHHBaHus c 5-10 ayleMeHTaMH pa3peniato- 
ujee Bpema no Bxony 100 Mxcex. HeckonbKo Menbitlee BpeMa Tpe6yeTca Ha mpeo6pa30- 
BaHHe aMIVIMTyAbI B KOA BO BTOPOM G6u1I0Ke mpeoOpa30BaHHa. 
IIporpamMa o6pa6orKu SKciepHMeHTasIBHBIX aHHbIX C MarHATHOM JeHTbI MOcTpoeHa 
TakK¥M OO6pa30M, 4TO NO3BONKeT OTOMpaTb NpewBapHTebHBIe pe3yibTaTbI WyTeM 
BbIBOWa BOCbMH 128-M KaHaJIbHbIX AMIVJIMTYAHbIX CIeKTpa 3a ONMH MporoH JIeHTHI. 
Kaabii 43 TakWx aMIVIMTyNHBIX CIIeKTpOB COOTBeTCTByYeT BpeMeHHOMY MHTepBally, 
BbipaxKeHHOMy 128-10 BpeMcHHbIMH kKaHasamu. [Ipemmonaraetca, 4To Nocne Bu3yanbHow 
OUCHKH 3THX FpyM pe3yIbTaTHI mpezBapuTenbHOw O6pa6oTKu c 1024-x kananbHoro 
aHajmM3aTopa GyfyT BbIBOMHTCA HellocpenCcTBeHHO B MalmMuy ,,KueB m0 KaGemto. 


3akumo4weHHe 


IIpumenenue MarHuTHO eHTbI B MHOFOMePHBIX PervcrpupyrollHx cucremax 
TIO3BOJIN€T 3HAYMTEJIbHO YBCIMYMTb YHCNIO KaHaIOB Takux cucrem. Mcnonn30Banne 
TIpHHunHa ,,paspaBHHBaHWA’ CTaTHCTHKH, C Pyro CTOPOHBI, MO3BOISeT CHH3UTb 
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MepTBOe BpeMa 10 BXOAY CHCTEMBL, UpUGWH3HB ero, IpakTH4¥ecKH, K MepTBOMy BpeMeHH 
COBPEMEHHEIX MHOFOKaHaJIbHBIX AMIVIMTYHHBIX awaM3aTOpoB. 3HadMTeNbHOe YHCIO 
KaHasIOB, OTHOCHTeEIBHO Masog MepTBOe BPeMA IPH CpaBHHTesIbHO HeCHOXHOM OOopy- 
OBAaHHM BBINBHTalOT perucTpHpyloulue CHCTeMbI Ha MarHUTHO eHTe B 4MCIO Tep- 
CIIEKTHBHLIX IpHOOpoB cOBPeMecHHOM SKCHeEpHMeHTabHOK AgepHoOn pu3uKu. 


Pa6ora 6niia Hayata B JlaGopaTropuu HeliTpoHHOK du3nKa OM AM no npegnoxeHnnto 
IWanupo ®. JI., koropomy aBTopbl BbIpaxkaloT cBoe NpH3HaHue. 
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DISCUSSION 


A. Page (France): I would like to ask the speaker whether it is possible to allow 
for errors in the magnetic unit, as caused for instance by drop-outs on the magnetic tape. 


G. I. Zabiyakin (USSR): If I understood you correctly, you asked if it was possible 
to detect errors in recording actually during the experiments. The answer is, no. We 
have a somewhat different system. We analyse and check the data just before the 
experiment by a special test, and during the experiment itself we have an additional 
256-channel system with which we carry out measurements whilst recording on the 
magnetic tape. 


H. Klessman (Federal Republic of Germany): I think in digital recording of pulse 
data the quality of the system is determined largely by the maximum pulse-packing 
density on the tape. I would like to ask the speaker what is his maximum pulse-packing 
density, what is his tape speed and what in the opinion of the author, is the most serious 
limitation in achieving a high pulse-packing density. 
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G.I. Zabiyakin: In our case the working density on the tape was up to 8 to 
10 pulses/mm, but apparently this is far from being the limit. I am only speaking of 
what we have done. Some modification to the heads will probably give a higher packing 
density. We used a recording speed of 2 cm/s, but we shall introduce a variable speed 
control to suit the pulse Joad at the input: we shall allow for speed control between 
approximately 1 and 4 cm/s, on the basis of our preliminary calculations. This speed 
is of course linked with the input pulse load. For reproduction we are at present using 
a tape. speed of 100 cm/s, but this is somewhat too low, and we are sure that after the 
preliminary experiments, this speed will be increased by a factor of 1.5 or 2. 


ANALYSEUR BIDIMENSIONNEL TYPE 2X3 


Y. AMRAM 
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Abstract — Résumé — Annotanna — Resumen 


Two-dimensional selector type 2X3. This selector is intended for study of (n, y) reactions 
and has 216 channels (1024 time channels and 64 amplitude channels). 

The characteristics (arrival time and amplitude) of each significant event are recorded, after 
coding, on a sixteen-track magnetic tape. The examination of the information on the tape is 
carried out in sections on a results analysis unit consisting of a memory with 1024 channels 
which totals events having the same characteristics within an amplitude-time range set by the 
operator. 

The instrument has the following general characteristics: time selection, 1024 channels of 
width between 0.1 and 6.4 us divided into eight zones of interest of 128 channels; amplitude 
selection, 64 channels 0.25 to 1 V wide; average dead time, 7 us; resolution time of the complete 
apparatus is less than 20 us; conditioning for reading: it is possible to read a spectrum of times 
of flight in an amplitude band contained within any two limits. 

A similar operation can be carried out simultaneously for four amplitude spectra. 


Sélecteur bidimensionnel type 2X3. Ce sélecteur, destiné a l’étude de réactions (n, y), comporte 
216 canaux (1024 canaux de temps xX 64 canaux d’amplitude). 

Les caractéristiques (temps d’arrivée et amplitude) de chaque événement intéressant sont 
enregistrées, aprés codage, sur une bande magnétique 4 seize pistes. Le dépouillement du 
contenu de la bande magnétique s’effectue par parties sur un bloc d’exploitation de résultats 
comportant une mémoire 4 1024 canaux qui totalise les événements présentant les mémes 
caractéristiques 4 l’intérieur d’un domaine amplitude-temps délimité par l’utilisateur. 

L’appareil posséde les caractéristiques générales suivantes. Sélection de temps, 1024 canaux 
de largeurs comprises entre 0,1 et 6,4 us groupés en huit zones d’intérét de 128 canaux; sélection 
d’amplitude, 64 canaux de 0,25 4 1 V de largeur; temps mort moyen, 7 us; temps de résolution 
de lV’appareil complet, < 20 us; conditionnement 4 la lecture: possibilité de lire un spectre de 
temps de vol dans une bande d’amplitude comprise entre deux limites quelconques. 

Une opération analogue peut étre effectuée simultanément pour quatre spectres d’amplitudes. 


J7isyxmMepubiii ceslekTop THna 2X3. STOT ceneKTop, UpeqHa3HayeHHbI DIA w3y4eHuA peakuMit 
n, y cocrout 43 216 xananos (1024 kaHanloB BpemMeHH M 64 aMIJIMTYAHBIX KaHasa). 

XapakTepuctuku (spema nosBIeHMA M aMmiIMTyya) Kaxgoro MHTepecytomlero coObiTuA 
PerucTpupyiotca ocile KoqMpOBaHHA Ha MarHuToH mente c 16 ygopoxKamu. O6paboTKa 
COHepxKaHHA MarHHTHOM JICHTbI OCYDICCTBIAeTCA TO YacTAM Ha 670Ke NOMb30BAHHA Pe3YIJIb- 
TaTaMu, COZepxKaliM4MM 3alloMHHarollee ycTpolictpo c 1024 xaHanamu, KoTopoe oGoG6ulaer 
cCoG6BITHA, MMeroulMe OAMHAKOBbIC XaPAKTEPUCTHKH B Cchepe aMMIMTYJa-BpeMA, YCTAHOBICHHBIC 
ollepaTopoM. 

Tipu6op o6nanaet cnezyiowumu oO6nuMu ocoGeHHocTamu. Cenekunet Bpemenu, 1024 kanana 
wmmpuHHol oT 0,1 no 6,4 us, ccpynmHpoBaHHEIXx B 8 NosesHbIx 30HaX DO 128 KaHanoB B kaxyoi; 
aMUAMTy Had ceylekuma, 64 kaHana DMMpHHO or 0,25 no 1 V; cpeqHee MepTBoe Bpema, 7 us; 
NomHoe paspeillarolee BpeMA YCTAHOBKH, 20 us; KOHZMIMOHMpOBAaHHE Np OTC4IETe: BOSMOKHOCTb 
4UTaTb ClieKTp BpeMeHH poeta B AMMIHTYZHOM fMana30He MexKTY ABYMA KakKYMM-HHOyOb 
mpegeamMu. 

Tlono6Haax onepauma MoxeT ObITh OCYINeCTBIIeHa OHOBpeMeHHO Ha 4 aMIMIMTYDHBIX 
ciiekTpax. 


Selector bidimensional tipo 2X3. Se trata de un selector distinado al estudio de reacciones n, y, 
que contiene 216 canales (1024 canales de tiempo x 64 canales de amplitud). 
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Las caracteristicas (tiempo de llegada y amplitud) de cada suceso interesante son codificadas 
y se registran en una cinta magnética de dieciséis pistas. Los datos contenidos en la cinta se 
pasan por partes a un bloque de explotacién de los resultados que contiene una memoria de 
1024 canales; dicho bloque totaliza los sucesos que presenten las mismas caracteristicas dentro 
de limites de amplitud y duraci6n establecidos por el experimentador. 

Las caracteristicas generales del aparato son las siguientes. Seleccién de tiempo, 1024 canales 
de anchos comprendidos entre 0,1 y 6,4 us, agrupados en ocho zonas de interés de 128 canales; 
seleccion de amplitud, 64 canales de 0,25 a 1 V de ancho; tiempo muerto medio, 7 us; tiempo 
de resolucién del conjunto del aparato, < 20 us; acondicionamiento en la lectura: posibilidad 
de leer un espectro de tiempos de vuelo en una banda de amplitud comprendida entre dos 
limites cualesquiera. 

Se puede realizar una operacién andloga simultaneamente para 4 espectros de amplitudes. 


Introduction 


De nombreuses expériences de physique nucléaire ont pour but de déterminer des 
corrélations entre les caractéristiques physiques d’un phénoméne analysé statistiquement. 
On peut ainsi, en se limitant par exemple a deux variables, établir des corrélations 
entre deux spectres d’énergie, entre un spectre d’énergie et une direction. Pour des raisons 
exposées par ailleurs [1], il est extrémement utile d’obtenir l'ensemble des résultats 
recherchés en une seule expérience, ce qui rend nécessaire un dispositif de mémoire 
a grand nombre de canaux. Selon la capacité demandée, on choisit une mémoire a 
tores ou un tambour magnétique [2], qui totalise les données dans les canaux 4 mesure 
qu’elles arrivent. Si la capacité est encore insuffisante, on doit faire appel a un enregistre- 
ment intermédiaire sur bande magnétique; les totalisations sont alors effectuées aprés 
coup, par parties, sur un dispositif 4 mémoire de plus faible capacité [3] [4]. 


C’est le cas du présent sélecteur bidimensionnel, destiné a l’étude de réactions (n, y), 
qui comporte 1024 canaux de temps et 64 canaux d’amplitudes, représentant un total 
de 65536 canaux non spécialisés. 


Ce sélecteur entre dans.la ligne du programme de développement d’applications 
de l’enregistrement sur bande magnétique, entrepris au C.E.N. de Saclay depuis 
trois ans [5] [6]. 


Conception générale 


Un événement est caractérisé par la donnée simultanée d’une information en temps T 
et d’une information en amplitude A, se présentant simultanément a |’entrée de l'appareil 
dont Je diagramme fonctionnel est représenté sur la figure 1. 


Sur chaque voie, un codeur traduit cette information sous forme numérique paralléle, 
et en méme temps impose un premier conditionnement en temps réel en n’analysant 
que les informations remplissant certaines conditions (seuils inférieur et supérieur 
pour amplitude, zones d’intérét pour le temps de vol). 


L’unité de conditionnement en temps réel permet de limiter le domaine exploré 
en respectant les conditions imposées séparément sur chacune des voies d’analyse, et 
éventuellement en tenant compte d’un ordre extérieur (coincidence rapide). Le but 
recherché est d’éviter de surcharger la mémoire 4 bandes magnétiques en emmagasinant 
des informations dépourvues d’intérét. 


Dés la sortie des codeurs, les informations sont exprimées par des nombres écrits dans 
le code binaire naturel et représentés sous forme paralléle, d’un bout a!’autre del’appareil. 
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CODAGE 
AMPLITUDE 


ORORE DE 
TRANSFERT ORORE OE TRANSFERT 


oo 


MEMOIRE 
INTERMEDIAIRE 


ENREGISTREMENT 


t 
Ay <A cA2 ' 


CONDITIONNE- 
MENT 
TEMPS REEL 


COINGIDENCE 


BANDE - 
RAPIOE 


MAGNETIOUE 


ht kt, | ORDRE DE 
H TRANSFERT 
COOAGE 


TEMPS OE VOL 


ENREGISTEUR 
GRAPHIQUE 


LECTURE 
BANDE - 
MAGNETIQUE 


FIN DE {LECTURE 


eas 


| 
ORORE OE STOCKAGE 


CONDITIONNEUR 
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Diagramme fonctionnel. 


Ainsi les signaux d’interconnexion peuvent étre standardisés. 
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Cette méthode permet de scinder le sélecteur en éléments qui, d’ailleurs, constituent 
chacun des appareils d’un prix élevé et susceptibles de recevoir de constants perfectionne- 


ments. 


On envisage également de faire des enregistrements directs en connectant, soit le 


codeur en temps, soit le codeur en amplitude 4 la mémoire totalisatrice. 


Lors du couplage de deux éléments (p. ex. codeur vers mémoire intermédiaire), on 
admet qu’il peut y avoir des informations perdues, 4 cause du temps d’accés du second. 


Suivant le cheminement de 1’ensemble des informations, chaque élément sera décrit 
> 


| sommairement, en indiquant les performances recherchées et en insistant au passage 


sur les particularités intéressantes, ou en renvoyant 4 d’autres communications présentées 


| a cette conférence. 


| Codeurs 


TEMPS DE VOL 


Les caractéristiques de cet appareil sont les suivantes: 
— Largeur de bande: 0,1 4 6,4 us en progression géométrique. 
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— Précision relative sur la largeur de bande: 10-°. 

— Fluctuations des frontiéres des canaux: + 12,5 ns. 

— Nombre de canaux: 1024. 

— Nombre de zones d’intérét: 8. 

— Positionnement des zones d’intérét: réglable par bonds de 8 largeurs de bande 
(16 largeurs sur la position 0,1 ys). 

— Domaine d’analyse: 8000 (ou 16000) largeurs de bande. 


x 


Le diagramme fonctionnel de cet appareil réalisé a lampes est représenté sur la 
figure 2. 


MISE EN PHASE LARGEUR CE BANDE RETARD A VANALYSE 
40 MHz, ——_A—_. paint , Panes 
F F F F 


DEBUT ZONE OvINTERET 


COMMANOES 
MANUELLES 


a a 1/16 i ve 


MEMOIRE INTERMEDIAIRE 


T VERS 
SELECTEUR D‘AMPLITUDE 


COINCIDENCE RAPIDE el 
- 


Figure 2 
Codeur de temps de vol. 
H = Horloge F = Fin de cycle 


Les trois premiéres caractéristiques ont imposé la réalisation d’une «horloge» délivrant 
un train d’impulsions 4 10 MHz a partir d’un oscillateur 4 quartz a 40 MHz. La version 
transistorisée délivrant un train 4 20 MHz fait l’objet d’une autre communication [7]. 

L’échelle de sortie 4 dix bascules et I’échelle déterminant les largeurs de bande ont 
été réalisées suivant la technique des échelles sans retard de propagation. 

La lecture au vol de l’état des’ bascules est rendue ainsi possible et rend inutile 
toute correction de temps mort. 

Les solutions de ce probléme et du comportement des bascules de téte d’échelle 
attaquée par un train d’impulsion de longueur variable sont étudiés en détail dans un 
autre exposé [8]. 

Le positionnement des zones d’intérét est déterminé par huit nombres affichés sur 
un compteur auxiliaire précédé d’un diviseur par 8. Pour résoudre les problémes d’affichage 
on utilise un compteur décimal, sans retard de propagation, formé de trochotrons. 

Dans l’échelle de sortie on peut considérer que les sept premiéres bascules comptent 
Jes canaux A l’intérieur des zones d’intérét, tandis que les trois derniéres numérotent 
les zones d’intérét. 
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La fin de chaque zone est commandée 4a partir de la septiéme bascule (ici également 
la technique des échelles sans retard de propagation permet d’avoir exactement 
128 canaux). 

Des commandes manuelles affichent les numéros des zones que l’on désire rendre 
adjacentes. Lorsque les trois derniéres bascules passent par les états correspondants, 
l'impulsion de fin de zone est bloquée, et la premiére partie de I’échelle de sortie repart 
pour un nouveau groupe de 128 canaux. 

Le temps mort de I’ensemble (0,5 us) est da 4 la mise en phase avec le train horloge 
des instants d’arrivée des événements 4 coder. 


AMPLITUDE 


Les caractéristiques demandées sont les suivantes: 


— Nombre de canaux: 64, 128, 256. 

— Largeur de canaux: 1 - 0,5 - 0,25 V. 

— Linéarité: 1/10 de canal. 

— Stabilité: 1/10 de canal ou 0,1 V. 

— Domaine d’analyse jusqu’a + 100 V. 

Afin de réduire au minimum les délais d’étude, le schéma du convertisseur amplitude 
temps utilisé est celui décrit par SCHULTZ, PIEPER et al. [9]. On charge un condensateur 
a la valeur créte de l’impulsion 4 analyseret on le décharge 4 courant constant. 

Le codage de l’intervalle de temps est effectué dans une unité séparée et transistorisée 
comprenant un oscillateur déclenché 4 10 MHz. 

Sur les positions 64 canaux x 1 V, Je temps mort moyen est de 7 us. 


CONDITIONNEMENT EN TEMPS REEL 


Le conditionneur en temps réel n’existe pas sous forme d’ensemble distinct. 

Le codeur d’amplitude émet un signal d’interrogation indiquant que l’amplitude 
du signal A qu'il recoit est bien comprise entre ses seuils inférieur et supérieur. 

De méme, le codeur de temps met continuellement en phase le signal T, mais ne le 
transmet que s’il se trouve a l’intérieur d’une zone d’intérét en temps de vol. La coincidence 
entre les signaux provenant des deux codeurs déclenche la lecture au vol du nombre 
exprimant le temps de vol et commande Ie début de l’analyse en amplitude. Si le codeur 
d’amplitude ne recoit pas cette impulsion 1 us aprés l’émission du signal d’interrogation, 
le condensateur d’allongement est déchargé rapidement (< 0,5 us). 


Enregistrement des informations 


Le choix de la bande magnétique s’impose en raison du grand nombre d’informations 
élémentaires 4 enregistrer et de l’avantage qu’elle présente de permettre le dépouillement 
rapide de l’expérience en lisant la bande 4 une vitesse plus élevée. On peut gagner ainsi 
un facteur 16 a 32. 


BANDES MAGNETIQUES 


La platine de bandes magnétiques est un Ampex FR 100 a six vitesses de déroulement 
en progression géométrique (17/8, 33/4, 71/2, 15, 30, 60 pouces/s) équipé de blocs de 
tétes d’écriture et de lecture 4 seize pistes en ligne. 
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Afin de réduire au minimum les délais d’étude et de profiter de l’expérience acquise 
par d’autres expérimentateurs, nous avons reproduit les circuits décrits et utilisés par 
PaGEs a Saclay [5]. 

Cette méthode, basée sur l’entegistrement direct en impulsions sur une seule ligne, 
ne permet pas de détecter et par conséquent de rejeter les informations mal lues ou mal 
enregistrées. 

Pour pouvoir suivre en permanence le fonctionnement de l’ensemble, il faut lire 
la bande pendant l’enregistrement, donc a trés basse vitesse et trés faible niveau par 
une téte de lecture séparée, ce qui est assez délicat. 

La sortie des informations s’effectue sous forme d’impulsions standardisées, mais 
qui ne sont pas simultanées 4 cause du skew et du jitter dus au déroulement de bande. 
Aussi le groupe de ces impulsions est-il encadré par un signal début de lecture et un 
signal fin de lecture. : 

Deux unités de bandes magnétiques ont été réalisées, ’'une pour l’enregistrement 
sur les lieux mémes de l’expérience, l’autre pour la lecture. Mais, afin de faciliter 
Putilisation, les deux unités sont identiques. 


MEMOIRE ARITHMETIQUE INTERMEDIAIRE 


Cette mémoire, dont le temps d’accés est de 5 us, permet de régulariser l’arrivée 
des informations sur la bande magnétique et conduit donc 4 une meilleure utilisation 
de la longueur de la bande [1]. 

Elle comporte dix registres de seize chiffres binaires, ce qui permet d’atteindre un 
coefficient de remplissage de la bande de lordre de 80%. 

Son temps d’accés (5 us) est inférieur 4 celui de la mémoire totalisatrice, de sorte 
que son emploi avant le bloc d’exploitation des résultats peut étre avantageux, surtout 
dans le cas d’expériences avec une source pulsée (p. ex. accélérateur linéaire). 

La densité d’enregistrement sur la bande est de 200 digits par pouce, de sorte qu’a 
la vitesse la plus basse du dérouleur (17/8 pouce/s) on peut analyser des événements 
dont la fréquence moyenne est de 300 cps. 

Si la fréquence moyenne des événements était limitée par les conditions d’expérience 
au point de tomber a une trés faible valeur, il serait possible de concentrer le contenu 
de la bande magnétique en la transcrivant sur une autre bande en passant par la mémoire 
intermédiaire. 


Exploitation des résultats 


Sur bande magnétique, les dix premiers digits sont affectés a4 l’enregistrement du 
temps de vol et les six autres a l’amplitude. 

Pour le dépouillement d’un spectre du temps de vol (par exemple) on attaque les 
dix bistables d’adresse de la mémoire totalisatrice 4 1024 canaux par les dix digits de 
la voie temps; le registre correspondant de la mémoire est sélectionné. Sur l’autre voie 
(amplitude dans l’exemple choisi), on place un conditionneur qui délivre un signal de 
sortie si ’amplitude exprimée sous forme d’un nombre binaire est comprise entre 
deux limites affichées. 

Dans la mémoire totalisatrice, on n’ajoute + 1 au registre sélectionné que si la réponse 
du conditionneur branché sur l’autre voie de mesure est affirmative. 

Dans l’appareil réalisé (fig. 3), des conditionnements sont effectués 4 la fois sur les 
voies temps et amplitude, de fagon 4 pouvoir éventuellement utiliser simultanément 
deux mémoires totalisatrices et 4 réduire par 14 le temps de dépouillement. 
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Figure 3 


Conditionnement. 


I: 1 spectre de temps de vol dans bloc 1024 canaux 
II: 4 spectres d’amplitude dans bloc 1024 canaux 
III: 1 spectre de temps de vol dans bloc 1024 canaux + 1 spectre 
d’amplitude dans bloc 64. canaux 


Afin de tirer parti de la mémoire 4 1024 canaux, on a disposé sur la voie temps quatre 
conditionneurs, qui permettent de tracer quatre spectres d’amplitudes de 64 canaux 
avec des conditions de temps de vol différentes. 


Un réseau de codage effectue la modification d’adresse nécessaire pour retrouver 
les quatre spectres dans des canaux. adjacents de la mémoire. 


La rapidité du dépouillement est pour le moment limitée par la vitesse de déroulement 
de la bande magnétique. 


CONDITIONNEURS 


Les impulsions provenant de la bande magnétique sont soumises 4 un déplacement 
en temps dont il faut s’affranchir afin d’attaquer correctement des conditionneurs 
fonctionnant en paralléle [10]. C’est la raison pour laquelle les informations lues 
sur la bande sont transférées sur seize bistables qui fournissent le signal d’entrée des 
conditionneurs, dont le signal de sortie est échantillonné par l’impulsion fin de lecture. 

Les conditionneurs des voies temps et amplitude comportent le méme nombre de 
digits, afin qu’ils soient interchangeables. 

Leur temps de réponse (de l’ordre de 4 ys) est trés inférieur a la période de lecture 
sur la bande magnétique. 


BLOC D’EXPLOITATION DES RESULTATS 


La mémoire totalisatrice et les organes annexes (oscilloscope, enregistreur graphique, 
perforateur de bande) représentés sur la figure 1 sont groupés dans un ensemble appelé 
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«bloc d’exploitation des résultats». Cet appareil comporte les mémes éléments qu’un 
sélecteur de temps de vol conventionnel 4 mémoire 4 ferrite, mais il y a un accés en 
paralléle au registre des bascules qui constituent I’échelle d’adresse, et l'on a la possibilité 
de commander le cycle mémoire (avec addition + 1) soit par un ordre extérieur, soit 
par une adresse non nulle. ; 

Le bloc mémoire 4 1024 registres de seize chiffres binaires présente les particularités 
suivantes: 


a) Les registres de la mémoire fonctionnent en code binaire pur. Ceci permet de 
diminuer la durée du cycle total de mémoire (12 us) grace a l’emploi d’un additionneur 
binaire rapide. Mais, en contrepartie, il faut transcoder les résultats de binaire en 
décimal pour Pimpression. D’ou l’emploi d’un transcodeur binaire-décimal (2 ms pour 
seize digits binaires). 

b) La sortie des résultats se fait par perforation de bande. Cette méthode permet 
d’accélérer considérablement Ja sortie des résultats et de gagner par conséquent sur 
le temps utile. La bande perforée peut étre imprimée sur un ensemble télétype ou servir 
de bande de constantes pour calculateur électronique. 


c) La visualisation par oscilloscope du contenu des 1024 canaux en |, 2, 4 ou 8 traces 
est extrémement utile pour suivre le déroulement de l’expérience. Elle permet égale- 
ment la comparaison des spectres entre eux. 


Conclusion 


On peut noter que les circuits les plus rapides ont été réalisés 4 tubes, tandis que 
tous les autres sont basés sur l’emploi de circuits 4 transistors en cablage imprimé sur 
des cartes de dimensions standardisées au C.E.A. 

Les difficultés rencontrées lors de la mise au point de l’ensemble montrent que les 
développements doivent porter sur les points suivants: 


a) Accroissement de la sécurité par un contréle automatique permanent de chaque 
élément; 

b) Augmentation des possibilités de commande automatique du fonctionnement de 
chaque élément afin d’assouplir les conditionnements en temps réel; 


c) Centralisation des commandes pour diminuer le risque de fausses manceuvres. 
d) Extension des possibilités de conditionnement au moment du dépouillement. 
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Abstract — Résumé — Ansnotanna — Resumen 


20 MHz transistorized clock. This clock, which is designed for a time of flight selector with 
50-ns band width, has the same function as a triggered oscillator. The oscillator is fitted with 
a 40-MHz quartz to-ensure high precision on the band width. This frequency is halved by 
means of a flip-flop. Through a phasing circuit. the triggering pulse controls the opening of 
a gate with a phase suitable to pass the 20-MHz pulses thus obtained towards the outer circuits. 
In this way, the resulting series of pulses starts with an uncertainty of ++ 12.5 ns with respect 
to the moment of triggering. 

The apparatus is made up of eleven transistors. 


Horloge 4 20 MHz 4 transistors. Cette horloge, destinée 4 un sélecteur de temps de vol de 
50 ns de largeur de bande, a la méme fonction qu’un oscillateur déclenché. Afin d’assurer une 
excellente précision sur la largeur de bande, l’oscillateur est équipé d’un quartz de 40 MHz. 
Cette fréquence est démultipliée par 2 4 l’aide d’une bascule. L’impulsion de déclenchement 
commande, par Il’intermédiaire d’un circuit de mise en phase, l’ouverture d’une porte avec 
une phase convenable pour permettre le passage des impulsions 4 20 MHz ainsi obtenues vers 
les circuits extérieurs. Ainsi, le train d’impulsions résultant débute avec une incertitude de 
+ 12,5 ns par rapport a l’instant de déclenchement. 

Le montage comporte onze transistors. 


Tpansucropaiie yacht Ha 20 Merarepil. DTM YacbI, MpeyqHasHayeHHble Dia cesleKTOpa BpemMeHH 
mponeta B 50 HaHOCeKYHX WIMPHHbI WONOCKI, MMCIOT TY xe YHKUMIO, YTO HM CHYCKOBONK 
reHepatTop. TeHepaTop uMeeT KBapueBbIi Kpuctamn Ha 40 Merarepy, 20 OGecne4cHHA BLICOKOM 
TOYHOCTH Ha DIMpHHe HOMOCkI. OTa YacToTa DemuTca Ha 2 Mpu MOMOWM ONpOKUABIBaIOUIelica 
cxembl, [lyckopoi MMMysIbc peryiHpyeT pH NOMOUIM CXeMbl CHHXPOHH3aNMH OTKPbITHe 
CX€MbI B NO”XonAIeH daze, YTOOLI NO3BONHTH MOcTyMeHHe MMIYIBCOB B 20 Merarepy, BO 
BHeUHMe Uetu. TakKHM o6pa30M, PA NONVYYeHHBIX HMMYJIBCOB Ha¥MHaeTCA C HeETOUHOCTBIO 
B + 12,5 ns no OTHOWIeHHIO K MOMEHTY TYcKa. 

Cxema Bxmroyaet 11 TpaH3ucTopos. 


Reloj transistorizado de 20 MHz. Este reloj esta destinado a un selector de tiempos de vuelo 
de 50 ns de ancho de banda. Desempefia las mismas funciones que un oscilador disparado. 
Va equipado con un cuarzo de 40 MHz que asegura una excelente precisién en todo el ancho 
de la banda. Un circuito biestable reduce esta frecuencia a la mitad. Por intermedio de un 
circuito de puesta en fase, el impulso de disparo ocasiona la abertura de una puerta con una 
fase conveniente para permitir que los impulsos de 20 MHz asi obtenidos pasen a los circuitos 
exteriores. De este modo, el tren de impulsos resultante se inicia con una incertidumbre de 
-+ 12,5 ns con respecto al instante de disparo. 

El sistema contiene once transistores. 


Introduction 


Les sélecteurs d’amplitudes et de temps de vol modernes exigent l’emploi d’oscillateurs 
déclenchés précis fonctionnant a des fréquences de 10 ou 20 MHz [Il]. La précision 
relative maximale désirée en fonction des variations de température et des tensions 
@alimentation est de ordre de 10+. Une telle précision est plus facilement garantie 
par un oscillateur 4 quartz, que par un oscillateur a circuit L.C. 
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Quoiqu’il soit possible, sinon facile, de déclencher un oscillateur 4 quartz, nous 
préférons la méthode utilisant un oscillateur libre, dont la tension de sortie est appliquée 
en temps utile aux circuits suivants par l’ouverture d’une porte. Afin de réduire les 
fluctuations de lintervalle de temps séparant l’ouverture de la porte de la premiére 
impulsion d’horloge, la fréquence de Yoscillateur f) est toujours un multiple de la 
fréquence d’horloge fi, désirée, cette derniére étant obtenue par une démultiplication 
ultérieure. Il est facile de montrer que si fo/f,; = k les impulsions d’horloge fluctuent 
de + 1/24 f, autour de leur position moyenne et par rapport a l’instant d’ouverture, 
leur densité étant constante dans l’intervalle compris entre — 1/2k f, et + 1/2kf,. 


L’horloge présentement décrite entre dans un programme général d’adaptation des 
transistors aux: circuits impulsionnels. Elle est dérivée d’un appareil analogue équipé 
de tubes électroniques. La fréquence d’horloge est égale 4 20 MHz; celle de l’oscillateur 
est actuellement limitée 4 40 MHz (comme avec les tubes électroniques), mais elle 
pourra sans doute étre portée 4 80 MHz dans un avenir assez proche. 


Constitution de l’appareil 


Loscillateur 4 40 MHz attaque, par l’intermédiaire de circuits séparateurs, une 
premiére porte P,. Celle-ci est ouverte, 4 un instant quelconque par rapport a la phase 
de loscillateur, par un circuit bistable recevant le signal de départ et, par la suite, le 
signal d’arrét. Le train d’impulsions ainsi découpé accéde 4 une bascule qui devra 
fournir le signal d’horloge 4 20 MHz. Toutefois, en raison de l’indétermination de 
Yamplitude de la premiére impulsion issue de la porte P,, les premiers changements 
d’états sont perturbés; une attente de quatre basculements est nécessaire pour avoir 
la quasi-certitude que le fonctionnement de la bascule est devenu correct ; les impulsions 
WVhorloge fournies directement par la bascule sont alors admises vers la sortie, par 
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louverture d’une seconde porte P,. On reconnait ici le principe de fonctionnement 
d’un circuit de mise en phase déja décrit [2]. 


Description 
OSCILLATEUR 


L’oscillateur choisi [3], du type Pierce, procure, sans précaution spéciale, une fréquence 
suffisamment stable en fonction de la température; son coefficient de température 
moyen, égal a 8-107/°C, pourrait éventuellement étre abaissé par une compensation 
thermique insérée dans I’émetteur. La dérive de fréquence en fonction de la tension 
d@alimentation est pratiquement nulle. 


ETAGES SEPARATEURS 


L’étage amplificateur accordé, équipé de T, en montage 4 base commune, isole 
efficacement l’oscillateur des circuits d’utilisation. I] est suivi d’un étage 4 collecteur 
commun T;, dont le gain en courant permet de commander la porte P, dans de bonnes 
conditions. 


BASCULE 


La bascule T,—T, ne présente pas de point d’intérét particulier; elle est attaquée 
a partir d’un étage a collecteur commun T,. Les signaux de sortie positifs sont prélevés 
sur Ja self-inductance dans le collecteur de T;; une capacité de faible valeur reliée au 
circuit de collecteur de T, réduit l’amplitude des résidus négatifs, par injection d’une 
tension opposée. 


BISTABLE 


Le bistable T,—-T,, dont le schéma est dérivé de celui de la bascule, recoit une impulsion 
positive L; au moment du départ. Le signal rectangulaire positif résultant de la saturation 
de T, est appliqué directement a la porte P,, et provoque son ouverture immeédiate. 
Ce signal, retardé de 120 ns par une ligne 4 retard constituée de 40 cm environ de cable 
LTT 1000/11 (retard linéique: 2,5 - 10-7 s/m; impédance caractéristique: 1000 Q), ouvre 
ensuite la porte P,. 

De cette facgon, la premiére impulsion d’horloge correspond 4a la cinquiéme impulsion, 
bien formée, du train issu de la porte P,. 

L’application d’une impulsion positive en I, raméne le bistable et les portes A leur 
état primitif. Cette impulsion est également dirigée sur la base du transistor T, afin 
d’assurer que ce dernier soit dans l’état de non-conduction lors du prochain déclenche- 
ment du circuit. 


CIRCUIT DE SORTIE 


Le meilleur circuit expérimenté pour transmettre sous basse impédance les impulsions 
d’horloge aux circuits d’utilisation, est un simple étage a collecteur commun 4 fort 
débit. Celui-ci peut supporter une charge capacitive pouvant atteindre 75 pF. Les 
impulsions de sortie possédent une amplitude de + 1 V et une largeur de 10 ns 4 50% 
de amplitude nominale. 


6* 
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Conclusion 


L’horloge décrite fonctionne correctement; elle servira 4 équiper un sélecteur de 
temps de vol de 50 ns de largeur de bande. Comparativement a l’appareil équivalent 
équipé de tubes électroniques, outre les avantages habituels des transistors (robustesse,-{ 
faible encombrement et consommation réduite), nous pensons que son fonctionnement 
est légérement plus satisfaisant en raison de l’aptitude 4 la commutation rapide de 
certains transistors modernes; d’autre part, si l’étude d’un tel appareil n’est pas plus 
facile avec des transistors qu’avec des lampes, elle est nettement plus rapide. Sa réalisation 
et sa mise au point industrielles semblent également présenter beaucoup moins de 
difficultés. 
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Abstract — Résumé — Asnotanua — Resumen 


Binary number comparator. A comparator of numbers expressed in the natural binary system, 
working in parallel, has been produced. This makes it possible to ascertain whether an unknown 
number X is smaller or greater than a given number A; the case where XY = A is not in evidence. 

The apparatus uses medium quality transistors and has a response time of the order of 1 ys. 

A combination of two comparators working together forms a ‘“‘conditioner’”’ which identifies 
the condition 4 < ¥ < B. By making certain adjustments, the limits can be contained within the 
conditioning interval. 


Comparateur de nombres binaires. Un comparateur de nombres exprimés dans le systéme 
binaire naturel, fonctionnant en paralléle, a été réalisé. Il] permet de reconnaitre si un nombre 
inconnu X est inférieur ou supérieur 4 un nombre donné A, l’égalité X = A n’étant pas mise 
en évidence. 

L’appareil construit avec des transistors de-qualité moyenne a un temps de réponse de l’ordre 
de ips. 

L’association de deux comparateurs fonctionnant en coincidence constitue un «conditionneur» 
qui met en évidence la condition A < X¥ < B. Moyennant certaines modifications, les bornes 
peuvent étre incluses dans l’intervalle de conditionnement. 


Cpasantes, ABOHUHEIX YHCeN. BEI CO3qaH NapaliebHO BKIIOUaeMbIM CpaBHUTesIb YMCel, 
BbIPaXKeHHBIX B HATYPaIbHOH NBOMGHOK cucTeme. OH TaeT BO3MOXHOCTS ONPeREIAT, ABIIACTCA 
JIM HeM3BecTHOe YNCIO X Gonbie WIM MeHbIe DaHHOTO dca A, He BbIABIIAA paBeHCTBa XY = A, 

AmmapaT MOcTpoeH Ha TpaH3McTOpax cpesHero KaYecTBa CO BpeMeHem cpaOaTLIBaHAa 
nopagka 1 ps. 

CnapuBaHne OByx JelicTByIoujHx TIO NpHHoMIY copnageHui cpaBHuTenet oOpa3veT ,,KOH- 
“MuMOHep', KOTOPEIM BLIABIAeT ycnoBpue A<_ X < B. Tipu nomMouim HekoTopsix M3MeHeHUi B 
KOHAMUMOHMPOBaHHbI WHTepBall MOFYT GObITb BKJIFOYCHLI IPOMEXYTOYHBIC 3a2KHMBI. 


Comparador de cifras binarias. Se ha construido un comparador de cifras expresadas en el 
sistema binario natural que funciona en paralelo. Permite determinar si una cifra desconocida X 
es inferior o superior a una cifra dada A; la igualdad X = A no se pone en evidencia. 

El aparato esta construido con transistores de calidad media y tiene un tiempo de respuesta 
del orden de 1 us. 

La asociacién de dos comparadores que funcionen en coincidencia constituye un «condi- 
cionadorm que hace evidente la condicion A < X < B. Merced a algunas modificaciones, los 
terminales pueden incluirse en el intervalo de acondicionamiento. 


Introduction 


L’utilisation du sélecteur bidimensionnel 2X3 s’effectue en deux temps: 


a) Les caractéristiques des événements sont enregistrées sur une bande magnétique 
a mesure qu’elles arrivent; 

b) Les données enregistrées sont ensuite dépouillées par un appareil de traitement 
des résultats, dont le double but est de réaliser un tri parmi l’ensemble des informations 
recueillies et d’effectuer la statistique de celles qui sont retenues [1]. 
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Chaque mot de seize chiffres binaires, inscrit sur la bande, se décompose en deux 
parties: la premiére, affectée au temps, comporte dix chiffres; la seconde, relative a 
V’amplitude, comprend les six autres. 

Lors du dépouillement, le probléme se pose de pouvoir extraire de l’enregistrement 
un spectre de temps correspondant 4 une bande d’amplitude comportant un ou plusieurs 
canaux, ou un spectre d’amplitude satisfaisant 4 une condition sur le temps. Autrement 
dit, il est nécessaire de réaliser un appareil indiquant qu’un nombre X inconnu, exprimé 
dans le code binaire naturel, satisfait 4 la condition: Xin. < X < Xmax.; nous l’appel- 
lerons «conditionneur». 

Le probléme posé peut recevoir des solutions plus ou moins classiques; toutefois, 
une solution originale a été trouvée, qui permet de mettre directement en évidence 
la condition A < X < B; étant donné les circonstances qui vont étre exposées, cette 
solution est la seule qui soit satisfaisante. 


Exposé du probleme — Solutions possibles 


Ti est essentiel que le temps de réponse du conditionneur soit suffisamment bref; 
la lecture d’un mot demandant un minimum de 30 us, il est désirable qu’il ne soit pas 
supérieur a 10 us. 

D’autre part, l’appareil doit présenter une.grande sécurité de fonctionnement, donc 
étre simple, et, autant que possible, avoir un faible prix de revient, puisque plusieurs 
conditionneurs peuvent étre utilisés simultanément. 

Les données techniques sont les suivantes: le nombre X comporte dix chiffres binaires 
au maximum, et l’intervalle de conditionnement peut prendre des valeurs comprises 
entre 1 et environ 100. 

Les solutions que l’on peut envisager sont les suivantes: 


1. SOLUTION PAR DECODAGE 


Il est relativement facile, 4 l’aide de circuits de coincidence, de reconnaitre si un 
nombre X est égal 4 un autre nombre déterminé. Mais si l’opération doit porter sur 
un grand nombre d’égalités il est nécessaire d’établir un réseau complet de coincidences 
en pyramide permettant la sortie de chacun des nombres possibles sur une voie particuliére. 
Pour des nombres de dix chiffres binaires, conduisant 4 1024 sorties, il est difficile 
d’envisager une telle solution en raison de la complexité qu’elle implique. 


Une simplification peut toutefois étre obtenue en fractionnant l’intervalle de con- 
ditionnement en groupes de 1, 2,4 ... 2” canaux; une telle méthode conduirait 4 exiger, 
de la part de l’opérateur, une grande attention au cours du réglage de l’appareil, et, 
pour cette raison, elle n’est pas trés satisfaisante. 


Les solutions par décodage ont l’avantage d’une réponse quasi immédiate; leur 
rapidité serait toutefois superflue dans le cas présent. 


2. SOLUTION PAR INTERROGATION 


Elle consiste 4 examiner successivement toutes les réponses favorables possibles, 
par exemple de la maniére suivante: le nombre X est contenu dans un registre et Xmin. 
dans un compteur; on applique 4 ce compteur un nombre d’impulsions (Xmax,—Xmin.) 
et l’on compare 4 chaque instant les contenus du registre et du compteur, jusqu’a la 
détection éventuelle d’une égalité. 
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L’emploi de circuits relativement rapides nous permet de supposer que chaque 
opération élémentaire pourrait étre effectuée en 1 us. Par conséquent, si Xmax. — Xmin, = 
100, la réponse finale ne serait obtenue, dans la majorité des cas, qu’au bout de 100 ys. 

Cette méthode, suffisamment simple, mais un peu lente, aurait été envisagée favorable- 
ment si une méthode plus directe n’avait été trouvée. 


3. SOLUTION ADOPTEE 


Le principe en est le suivant: deux «comparateurs» mettent séparément en évidence 
les conditions Y > A et X < B, puis une coincidence est réalisée entre les deux résultats. 
La possibilité d’effectuer ces opérations avec des circuits fonctionnant en paralléle, 
donc d’une facon rapide, a été suggérée par I’étude antérieure d’un additionneur. 


Principes logiques de la solution adoptée 


Le principe fondamental suit le processus mental qui nous permet de comparer deux 
nombres: les chiffres binaires de méme rang relatifs aux deux nombres X et A sont 
comparés deux 4 deux, a partir des plus significatifs, jusqu’A ce qu’une inégalité soit 
remarquée; le sens de cette inégalité est alors le méme que celui de l’inégalité des deux 
nombres; toutefois, le mode de fonctionnement envisagé est tel que la comparaison 
s’effectue, non pas d’une maniére séquentielle, mais simultanée, et qu’une prédominance 
est accordée 4 l’inégalité portant sur le couple de chiffres le plus significatif. 

Un tel mode de fonctionnement sous-entend que le résultat définitif n’est obtenu 
qu’aprés un délai supérieur au temps de réponse du circuit de comparaison élémentaire 
le plus lent. 


Les deux nombres sont de la forme: 


X = XpQH $+ X qed A. A DHA... + 242! + x29 
et 
A= Oj2% + yg 2™! + 0. tak +... + a2 + a2. 


Nous devons comparer les chiffres tels que x, et a,x. Cette comparaison donnera 
lieu 4 un signal sy, si x, > a, et 4 un signal ix si x, <(a,. Nous devons donc réaliser 
les opérations logiques satisfaisant aux tables de vérité suivantes: 


| | 
x 
a ; | f - | Ss 
0 0 0 0 
0 1 0 1 
J 0 1 0 
1 | I 0 0 


Pratiquement, la méthode la plus aisée fait appel a des circuits «ET» effectuant les 
produits logiques: 
ax=i et Q@x=S. 


Il est donc nécessaire d’engendrer les signaux complémentaires: x; et ax. 
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Réalisation pratique d’un comparateur 
Le nombre A étant affiché manuellement pour une durée relativement longue, les 
deux circuits ET sont réalisés de la fagon la plus simple, avec un interrupteur double 


(fig. 1). 
L’ensemble des interrupteurs constitue ainsi le registre contenant le nombre A. 


Figure 1 
Circuits ET. 


Dicn-1) 


TRANSISTORS OC 141 
DIODES 19 P, 


Figure 2 
Schéma de principe d’un comparateur (transistors OC141, diodes 19P1). 
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Le reste des opérations consiste 4 transmettre le signal s, (ou i;,), depuis les chiffres 
les plus significatifs vers les moins significatifs (c’est le role des diodes D, et Dj de la 
figure 2) et d’inhiber toute sortie des signaux de signification contraire i, (ou s,), avec 
h < k. Cette derniére fonction est assumée par les transistors T; en outre, ces transistors 
jouent un réle amplificateur et séparateur. 


Un simple exemple numérique permet d’expliquer le fonctionnement de J’ensemble. 
Supposons que a, = 1, x, = 1, aq-1) = 0 et x@-1) = 1. Aucun signal n’est appliqué 
aux transistors T;, et Ti,; par contre, Ts¢,_1) recoit une impulsion négative représentant 
Sint), transmise par les diodes D, aux transistors Tsin-2), Ts(n-3), --- Tso). Il en 
résulte l’apparition de signaux amplifiés positifs sur les collecteurs des mémes transistors, 
signaux dont la somme logique, obtenue grace aux diodes M,, sort en S. Tout signal s 
apparaissant sur les voies (7-2), (n-3), ... (0) n’apporte pas d’effet supplémentaire. 
D’autre part, tout signal i, appliqué aux mémes voies, n’a pas d’effet sur la sortie I; 
ainsi, par exemple, le signal i) se trouverait en anticoincidence avec s(n-1), transmis par 
les diodes Dyin-1), Dsar-2), --- Ds), grace a Pamplificateur différentiel To) — Tig). 

Un tel comparateur permet a Ia fois de mettre en évidence les inégalités X > A ou 
X <A. Un conditionneur est donc constitué par deux comparateurs identiques, la 
sortie I du premier étant mise en coincidence avec la sortie S du second. 


L’intervalle de conditionnement est défini par Xin. = A -+ 1 et Xmax. = B—1; 
en effet, du fait de absence de réponse des comparateurs pour X¥ = A ou X = B, 
les bornes A et B sont exclues. Ceci n’a pas d’importance, puisque dans les cas pour 
lesquels Xin. = 0, ou pour lesquels Xpax. = 2" — 1, Pintervalle de conditionnement 
est défini par un seul comparateur mettant en évidence soit la condition X¥ < B, soit 
la condition X > A. 

Toutefois, différents moyens existent pour inclure les bornes dans l’intervalle de 
conditionnement. 


Le plus simple 4 mettre en ceuvre sera seul indiqué. 


Soit 4 mettre en évidence la condition X¥ > A. Le comparateur donnant seulement 
une réponse pour X > A, il suffit d’ajouter 4 X une quantité x, telle que 0< x, <1 
pour que cette réponse corresponde a X > A. Cette quantité x, s’introduit tout naturelle- 
ment comme un chiffre supplémentaire existant systématiquement a la droite du 
nombre X, auquel on attribue la valeur 2-! = 1/2 et quis’oppose au chiffre correspondant 
a, == 0 du nombre A. Ce perfectionnement exige simplement l’adjonction d’un élément 
supplémentaire au comparateur. ; 


Résultats pratiques 


Chaque élément de comparateur est monté sur une carte imprimée d’un format de 
10 x 10 cm. Deux conditionneurs, soit quatre comparateurs a dix éléments sont contenus 
dans un ‘rack standard de trois unités. 

Jl serait possible d’employer largement plus de dix éléments par comparateur sans 
rien changer au schéma de la figure 2. Toutefois, 4 partir de quinze éléments, il serait 
prudent de prendre des précautions tendant a éviter un affaiblissement prohibitif sur 
les lignes de diodes, et de trop nombreuses entrées sur les circuits de mélange. 

Le délai de réponse d’un comparateur est égal 4 environ 3-10-7s. Son temps de 
résolution dépend essentiellement des circuits de sortie; dans le cas présent, les circuits 
de mélange a diodes introduisent un allongement des impulsions, en raison de la capacité 
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d’entrée des organes qui suivent; étant donné la nécessité d’un écrétage des signaux 
de sortie vers le haut et vers le bas, il est possible de réduire l’incidence de cet allongement 
sur le temps de résolution, en diminuant 1a tension de sortie. Ce temps de résolution 
est actuellement égal 4 environ 4 us pour une tension de sortie de 3 V. 


Conclusion 


La méthode utilisée et la réalisation qui en a été faite, répondent bien a nos besoins. 
L’appareil est simple, peu coiiteux, se préte bien a une réalisation industrielle, n’exige 
pratiquement pas de mise au point; il posséde une excellente sécurité de fonctionnement, 
et il est suffisamment rapide pour les besoins actuels, sans toutefois que |’on ait spéciale- 
ment étudié ce point de vue. 


Les sélecteurs bidimensionnels du type 2X3 sont équipés actuellement de six condi- 
tionneurs; quatre sont affectés au conditionnement en temps, un au conditionnement 
en amplitude, le dernier restant en réserve. Il est prévu dans l’avenir d’en augmenter 
le nombre, afin d’utiliser avec un meilleur rendement les blocs de dépouillement des 
résultats a 1024 et 4096 canaux. 


Les circuits comparateurs pourraient probablement trouver d'autres applications 
dans le domaine du calcul arithmétique, d’autant plus que le principe mis en ceuvre 
permet, sans modification, de travailler dans de nombreux codes binaires pondérés 
d@ utilisation courante, tels les codes «8. 4. 2. In, «2. 4. 2. I», le code a «excés de 3» ou 
code de Stibitz, le code biquinaire, etc. Le dispositif décrit a été breveté*. 
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Abstract — Résumé — Annotranyua -—— Resumen 


Intermediate arithmetic memory. This memory is designed to smooth the random flow of 
previously coded information, in preparation for recording on magnetic tape. It is made up of 
ten registers with 16 binary digits and two ten-position switches, one controlling writing and 
the other reading; auxiliary circuits ensure the correct position of each of the switches with 
respect to the other. 

As a result of the very small capacity and low persistence required, the memory elements 
selected are condensers insulated by silicon diodes. 

The main characteristics are as follows: access time less than 104s; output rate: 0.25, 0.5, 
1 or 2ms. 

Only the switch circuits are fitted with standard electronic tubes and trochotrons. The logical 
transistor circuits and the memory elements are mounted on printed cards 10 by 10cm. 

The instrument appears as a rack of five units, 50cm deep. 


Mémoire arithmétique intermédiaire. Cette mémoire est destinée a régulariser l’arrivée d’in- 
formations préalablement codées, en vue de les enregistrer sur bande magnétique. Elle comporte 
dix registres 4 seize chiffres binaires et deux commutateurs 4 dix positions, l'un commandant 
Vécriture, l’autre la lecture; des circuits auxiliaires assurent l’avancement correct de chacun 
des commutateurs par rapport a l’autre. 

En raison de la capacité minime demandée et de la faible persistance nécessaire, les éléments 
‘de mémoire choisis sont des condensateurs isolés par des diodes au silicium. 

Les principales caractéristiques sont les suivantes: temps d’accés inférieur 4 10 us; cadence 
de sortie: 0,25 - 0,5 - 1 ou 2 ms. 

Seuls les circuits de commutation sont équipés de tubes électroniques classiques et de 
trochotrons. Les circuits logiques 4 transistors et les éléments de mémoire sont montés sur des 
cartes imprimées de 10 x 10cm. 

L’appareil se présente sous la forme d’un rack de cing unités d’une profondeur de 50 cm. 


Tlpomexytounoe apad@Mernueckoe 3anOMuHalolee ycTpoiicTBo. STO 3anomMuHarollee yCTpoi- 
CTBO IpeqHa3HayeHO JIA peryIMpOBaHHA NOCTYMIeHHA TpeABapHTeIbHO KOJMPOBaHHOH 
KHHQ@OPMALMM IIa 3aHeCeHHA ee Ha MarHHTHYIO JeHTy. Ono cocrouT u3 10 perucrpos c 16-ThIO 
DBOMYHEIMM HudpaMa WM ABYX KOMMyTaTOposB c 10 nO3HIMAMM, ONMH M3 KOTOPHIX yIpaBlaeT 
TMMLNYINMM, a Opyrow aTaroWwMM Upucnoco6menuamu. BcotomoraTesbHble yer oGecnednBaroT 
paBHIbHOe MoOWOxKeHHe KaKTOrO KOMMYTaTOpa HO OTHOIMCHHIO K JPyroMy. 

Bsugay HesHauntesbHoi TpeGyeMow EMKOCTH HM HeMpoOAOMKUTeNbHOCTU yaepxKaHHA MHop- 
MallMM B KayecTBe 3ICMeHTOB 3al0MMHaloulero ycrpoiicrpa OpiM BbIOpaHbI KOHJeHCaTOphI, 
W30JIMPOBaHHble KPCMHMEBbIMH DHOWaMnH. 

OcHOBHBIMH xapakTepHCTHKaMH SABJIAIOTCa: BpemaA TOAXoAa MenbIe 10 us; YacTOTa BbIXOTa: 
0,25 - 0,5 - 1 unm 2 ms. 

TonbKo yen nepekmoyeHua OGopyAOBaHbI OObIYHBIMM 3JIEKTPOHHbIMM AH TPOXOTPOHHBIMH 
wlaMiaMv. TpaH3vcTopHble morwveckwe UWeOH WM WICMeHTbI 3anOMHHAaIOuero YCTpolicTBa 
CMOHTHPOBaHbI Ha WeYaTHBIX cxemax pa3Mepom 10 x 10 cM. 

YcrpolicTBo BbIrNAAMT B BYe cocToauieH v3 5 GnoKoB 39TaxKepKH riyOnHOK B 50 cM. 


Memoria aritmética intermediaria. La “‘“memoria” que describen los autores sirve para regularizar 
la recepcién de informaciones previamente codificadas, a fin de inscribirlas sobre una cinta 
magnética, Esté integrada por diez registros de dieciséis cifras binarias y dos conmutadores 
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de diez posiciones, que gobiernan, uno la escritura y el otro la lectura; ademas hay circuitos 
auxiliares que aseguran el avance correcto de cada conmutador con respecto al otro. 

Debido al reducido valor de la capacidad minima exigida y de la persistencia necesaria, se 
han adoptado como elementos de memoria condensadores aislados mediante diodos de silicio. 

He aqui sus principales caracteristicas: tiempo de acceso inferior a 10 us; cadencia de salida: 
0,25 - 0,5 - 1 6 2 ms. 

Solamente los circuitos de conmutacién estan provistos de tubos electrénicos de tipo corriente 
y de trocotrones. Los circuitos légicos a base de transistores y los elementos de la memoria 
vienen montados sobre cartones impresos de 10 x 10cm. 

El aparato adopta la forma de un estante (rack) de cinco unidades, de 50 cm de profundidad. 


Introduction 


Dans certains domaines de la physique nucléaire, la tendance actuelle est d’enregistrer 
simultanément un grand nombre de données de facon 4a utiliser avec plus de profit 
les grands accélérateurs, 4 obtenir plus rapidement les résultats recherchés, et 4 ne pas 
étre obligé de fractionner certaines expériences pour lesquelles les conditions de 
reproductibilité ne sont pas assurées d’une facon parfaite. 11 est donc nécessaire de faire 
appel 4 une mémoire de trés forte capacité pour enregistrer des données qui doivent 
étre classées dans un nombre de canaux qui peut facilement dépasser 10000. 


Le probléme se pose pour certains sélecteurs de temps de vol simples ou a plusieurs 
voies de mesure [1] [2] et les sélecteurs multidimensionnels [3]. 


Dans 1’état actuel de la technique, seul l’enregistrement magnétique sur bande multi- 
piste permet d’obtenir économiquement la capacité nécessaire. 


Cependant, l’enregistrement direct d’événements dont la répartition peut étre con- 
sidérée comme aléatoire conduirait 4 une trés mauvaise utilisation de la bande magné- 
tique. On peut en effet facilement démontrer que, dans ces conditions, le rapport 
de la longueur enregistrée 4 la longueur totale de la bande, ou «taux de remplissage», 
est égal a la perte statistique relative tolérée. Etant donné qu’une expérience déterminée 
exige l’enregistrement d’un certain nombre d’informations élémentaires dont l’ordre 
de grandeur est 10%, et qu’une information occupe environ 0,1 mm sur la bande, on 
établit que, pour une perte relative maximum de 1°%, la longueur de bande déroulée 
peut aisément atteindre quelques dizaines de kilométres. 


L’intérét d’une mémoire intermédiaire réside principalement dans le fait que, l’arrivée 
des informations sur la bande étant régularisée, il est facile de porter le taux de remplissage 
a environ 75%, pour une perte statistique de 1% (voir fig. 6). 


Une autre circonstance a4 considérer est que le temps nécessaire a l’enregistrement 
dune information sur la bande est inversement proportionnel a la vitesse de défilement; 
selon la fréquence moyenne d’apparition des informations, il est possible, dans des 
cas fréquents, de choisir une vitesse optimale permettant la meilleure utilisation de la 
bande. Toutefois, en absence de mémoire-tampon, les caractéristiques de l’enregistreur 
imposent un temps mort minimal, que Il’on peut estimer actuellement 4 50 us pour 
des appareils courants. Ceci conduit parfois 4 limiter la fréquence moyenne d’arrivée 
des informations, donc a effectuer certaines expériences en un temps plus long qu’il 
n’est nécessaire. D’autre part, lorsqu’il s’agit de mesures de temps de vol, un temps 
mort important peut obliger 4 effectuer des corrections sur les résultats lorsque l’on 
travaille avec des sources intenses. 


Une mémoire intermédiaire présente donc un second intérét, celui de posséder un 
temps de résolution presque aussi court qu’on le désire, et en tout cas nettement plus 
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faible que celui de l’enregistreur sur bande; les limitations imposées par ce dernier, 
en ce qui concerne la fréquence moyenne d’arrivée des événements, peuvent ainsi étre 
substantiellement réduites. 

Les avantages de la régularisation apportée par une mémoire-tampon apparaissent 
encore plus évidents lorsqu’il s’agit d’événements produits par une source pulsée, dont 
la fréquence instantanée peut étre largement supérieure 4 la fréquence moyenne. 


Nous avons entrepris l’étude d’une mémoire intermédiaire destinée a équiper le 
sélecteur bidimensionnel 2X3 [3]. 


L’enregistreur sur bande utilisé est un Ampex du type FR 100 dont les caractéristiques 
sont les suivantes: 

— Vitesses de défilement en pouces/s: 17/8, 33/4, 71/2, 15, 30, 60. 

—- Nombre d’informations au millimetre: 8. 

Les données principales que nous nous sommes fixées au départ et qui seront justifiées 
par la suite sont les suivantes: 


— Nombre de registres: 10. 
— Capacité des registres: 16 chiffres binaires. 
— Temps de résolution: 5 us. 


Principes de base de la mémoire 
CIRCUITS DE COMMUTATION 


Le calcul montre que le nombre de registres de la mémoire doit étre compris utilement 
entre 5 et 10 [1]*. Pour la commutation de ces registres, notre choix s’est porté sur 
des trochotrons, en raison de la simplification qu’ils apportent aux circuits et de leur 
rapidité de fonctionnement. Le nombre de registres, dans ces conditions, a été naturelle- 
ment fixé 4 10; il était également possible de choisir une valeur égale 4 5, afin de réduire 
le coat de la mémoire. 

Le sens d’avancement des trochotrons ne pouvant étre inversé, il en résulte deux 
conséquences: le mode de fonctionnement de la mémoire est du type «premier arrivé, 
premier servi», ce qui n’a d’ailleurs pas d’incidence sur les résultats; en outre, il est 
nécessaire de disposer de deux commutateurs, I’un affecté 4 l’écriture, l’autre a la lecture. 
L’avancement de ces commutateurs étant commandé par des phénoménes d’origines 
différentes, il importe que des circuits logiques évitent que les deux commutateurs 
n’attaquent simultanément le méme registre. 


ELEMENTS DE MEMOIRE 


Le choix de la nature des éléments de mémoire pose des problémes technico-économiques 
en raison de la faible capacité demandée. 


L’emploi de tores 4 cycle d’hystérésis rectangulaire, sous forme d’une matrice de 
10 x 16, conduit 4 un volume d’électronique de commande et de lecture qui semble 
disproportionné avec la capacité de la mémoire. 

La persistance de la mémoire n’ayant pas besoin d’étre infinie, puisque l’attente 
maximale ne dépasse pas 18 ms, nous avons opté pour des condensateurs; mais 


* Dans les hypothéses de calcul de I’auteur cité et pour une perte statistique de 1%, les taux 
de remplissage de la bande sont égaux respectivement 4 68% et 88% pour 5 et 10 registres. 
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de difficiles conditions de travail sont exigées, puisque le coefficient d’allongement des 
impulsions d’entrée doit atteindre environ 4000 (temps d’attente max./temps d’accés: 
18000/5 = 3600). 

La solution la plus satisfaisante semble résider dans l’emploi de dispositifs bistables 
a semi-conducteurs (diodes unijonction, binistors, etc.); une telle solution pourra étre 
envisagée lorsque le développement de tels éléments permettra de les fournir a bas prix. 


Etude de la mémoire 
GENERALITES 


D’aprés ce qui a été dit précédemment, la mémoire doit comporter 10 registres a 
16 éléments, dont 10 sont affectés 4 information concernant le temps d’arrivée et 
6 4 information d’amplitude. I] est utile de signaler dés maintenant que, le codage 
en temps étant le plus rapide [3], les informations d’amplitude interviennent avec un 
retard de quelques microsecondes. 

Le schéma fonctionnel général de la mémoire est donné par la figure 1. Les informations 
incidentes sont conservées momentanément dans un registre composé de seize circuits 
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Figure 1 
Schéma fonctionnel général de la mémoire. 


bistables; le signal de commutation, en concomitance avec information d’amplitude, 
provoque, aprés un retard suffisant pour que l’enregistrement dans la mémoire soit 
accompli, la remise 4 zéro du registre et l’'avancement du commutateur d’écriture, 
lorsqu’il n’existe pas d’interdiction imposée par l’ensemble des circuits logiques. Ces 
derniers assurent également la commutation de la lecture en temps voulu, ce qui entraine 
lextraction immeédiate des informations contenues dans le registre intéressé. Les circuits 
de sortie effectuent la mise en forme et la transmission sous basse impédance des 
informations lues. 

Toutes les fois qu’une information ne peut étre injectée dans la mémoire pour cause 
de saturation, les circuits logiques délivrent une impulsion qui déclenche un bref signal | 
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lumineux. Cette visualisation des dépassements de capacité est extrémement utile, parce 
qu’elle permet 4 l’opérateur de se rendre immédiatement compte si la fréquence moyenne 
des événements se trouve en deca ou au-dela de la limite permise, cette limite étant carac- 
térisée par une croissance extrémement rapide des pertes en fonction de la fréquence [1]. 


ELEMENTS DE MEMOIRE 


La figure 2 représente schématiquement un élément de mémoire. Au repos, les inter- 
rupteurs E et L, représentant les commutateurs d’écriture et de lecture, sont ouverts. 
Lorsqu’une information doit étre enregistrée, E est fermé; si un «I» doit étre enregistré, 
le générateur G délivre une impulsion positive de 9 V qui charge le condensateur C; 


F 0. D. = +38+9V 
ENTREE : 2 +—sortie 


+9V 


Figure 2 
Principe d’un élément de mémoire. 


si un «O» est 4 enregistrer, C ne regoit aucune charge; A la suite de l’application de 
Yinformation, E est ouvert 4 nouveau. La lecture est obtenue ultérieurement par 
fermeture de l’interrupteur L, opération qui a pour effet de restituer a la sortie la charge 


subsistant sur le condensateur. 


La valeur de la capacité C est déterminée par les considérations suivantes: le nombre 
maximal de condensateurs qui peuvent recevoir simultanément une charge est 10, 
puisque linformation de temps n’est pas enregistrée tout 4 fait en méme temps que 
Pinformation d’amplitude; étant donné que le trochotron utilisé comme commutateur 
d’écriture (type 6700 Burroughs Corp.*) délivre un courant de cible minimal de 5 mA, 
la capacité C doit pouvoir étre chargée sous 9 V, avec un courant constant de 0,5 mA 
en 5 us; d’ot. C = 270 pF. 

La résistance de fuite présentée par les diodes D, et D, doit avoir une valeur minimale 
déterminée. Le niveau minimal de l’impulsion de sortie représentant un «1» ayant 
été fixé a 3 V et le temps d’attente maximal étant environ 20 ms, la constante de temps 
de décharge de C doit étre supérieure 4 20 ms. La résistance de fuite, 4 la température 

- maximale de fonctionnement, soit 45°C, ne doit pas étre inférieure 4 80 MQ. D’autre 
part, le niveau maximal des impulsions parasites a été fixé A 1 V; il ne faut donc pas 
que la tension asymptotique prise par le condensateur au repos dépasse cette tension. 
Dans ces conditions, 4 la température de 20°C, les résistances inverses des diodes D, 
et D, doivent étre telles que Rinv.D,/Rinv.D, > 10, Riny, D, > 1000 MQ et 
Riny, D, > 10000 MQ. 


* L’emploi du trochotron du type VS10H Etelco, capable de délivrer au moins deux fois plus 
de courant, pourra permettre prochainement de travailler avec des marges de sécurité plus 
amples. 
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Les diodes 13P2 en D, et OA202 en D, satisfont bien en général 4 ces conditions; 
elles doivent pourtant subir une vérification (afin d’éliminer celles qui pourraient étre 
en dehors des spécifications fournies par les constructeurs) et étre ensuite appariées. 


ORGANISATION DE LA MEMOIRE 
Mémoire proprement dite (fig. 3) 


Les éléments de mémoire sont disposés selon une matrice a seize lignes et dix colonnes. 
Tous les condensateurs d’une méme ligne j sont reliés par une série de diodes D, a 
Ventrée Aj, qui recoit les informations élémentaires et par une série de diodes D, a 
la sortie S;. Les diodes séparatrices D, et D, sont des diodes au germanium, 4 faible 
chute de tension directe. 


COLONNES 


/ LIGNES 


COMMUTATEUR DE LECTURE 


Figure 3 
Schéma partiel de la matrice de mémoire (le sens des diodes Ds doit étre inversé). 


Si le faisceau du trochotron d’écriture se trouve sur la cible E,, tous les condensateurs 
de la colonne k sont susceptibles de se charger sous l’effet des signaux d’entrée. En 
Yabsence de signaux, le courant de cible est dérivé vers la masse par la diode Ds. 

Dés qu’un nouvel ordre d’écriture intervient, le commutateur d’écriture avance d’une 
position et les condensateurs ayant regu une charge se déchargent trés lentement. 

Lorsque le commutateur' de lecture arrive 4 son tour sur la position k, il engendre, 
grace au transistor T,, une impulsion positive de 9 V d’amplitude 4 la base des con- 
densateurs de la colonne k; les charges restant sur les condensateurs s’écoulent alors 
A travers les résistances de sortie. 


Opérations logiques 


Le principe méme de la mémoire est donc extrémement simple, mais le dépassement 
de capacité doit étre prévu; Il’accés 4 la mémoire doit alors étre momentanément interdit. 
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C’est un des réles des circuits logiques, chargés en outre d’assurer un avancement cohérent 
des deux commutateurs (fig. 4). 
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Figure 4 
Diagramme fonctionnel des circuits logiques. 


SS 
Porte fermée Porte ouverte 


Au repos, le commutateur d’écriture se trouve sur une position quelconque 2, et le 
commutateur de lecture sur la position m-1. Dans ces conditions, l’«ordre de com- 
mutation» qui correspond au début de l’injection des informations d’amplitude trouve 
la porte 3 ouverte; aprés un retard de 5 us, il fait avancer d’un pas les deux commutateurs, 
ce qui entraine la lecture du registre n qui vient juste de recevoir les informations. 


A partir de l’impulsion de commutation, un signal de «lecture en cours» est engendré 
par les monovibrateurs MV, et MV,; la durée de ce signal est celle qui est nécessaire 
pour l’enregistrement sur la bande magnétique, soit 1 ms par exemple. 


La porte 2 étant fermée par le signal «lecture en cours», tout ordre de commutation 
intervenant pendant sa durée commande uniquement le trochotron d’écriture. Des 
Yapparition du premier de ces ordres de commutation, la porte 1 se trouve ouverte 
par suite de l’absence du signal XRE,.L,-, qui indiquait que E était en avance 
d’exactement une position par rapport 4 L. L’impulsion engendrée par différentiation 
a la fin du signal «lecture en cours» a donc maintenant la possibilité de commander 
le commutateur L, et le méme processus se reproduit autant de fois qu’il est nécessaire 
pour que le signal 23 F,,.L,_, réapparaisse. 
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Lorsque, 4 un instant donné, la progression du commutateur E est telle quw il a pris 
neuf positions d’avance par rapport 4 L, le signal 22E,.L,4,, indiquant cette 
éventualité, bloque la porte 3 et le registre d’entrée, et ouvre la porte 4. Toute com- 
mutation de E et toute arrivée d’information se trouvent alors interdites, jusqu’a ce 
que le commutateur L ait de nouveau avancé d’une position. 


Les ordres de commutation inutilisés, passant 4 travers la porte 4, déclenchent un 
signal lumineux de «visualisation des pertes» qui dure 20 ms. 


REALISATION PRATIQUE 


Etant donné que l’appareil est entigrement constitué par des circuits de commutation, 
sa réalisation fait largement appel aux transistors; pourtant, pour des raisons pratiques 
résultant de la présence des trochotrons, et malgré certains inconvénients, des tubes 
électroniques équipent les circuits d’attaque et de remise 4 zéro des commutateurs de 
lecture et d’écriture. 

Du point de vue pratique, pour des raisons d’échauffement, les circuits 4 transistors 
cablés sur des cartes imprimées standardisées ont été nettement séparés des circuits 
a tubes. Les inductions parasites dues au fonctionnement a haut niveau des circuits 
a tubes n’ont pas d’incidence notable sur le fonctionnement de la mémoire; leur niveau. 
ne dépasse pas le seuil, fixé 4 1 V, 4 la sortie de la matrice de condensateurs. 

Les circuits A transistors ont été testés jusqu’a la température de 60°C, et quelquefois 
jusqu’a 70°C. 

Les schémas des circuits utilisés sont en général suffisamment classiques pour qu’il 
soit inutile de les publier. Signalons simplement que les circuits de sortie sont des 
oscillateurs bloqués qui ont pour fonction de discriminer les impulsions utiles représentant 
des «1» parmi les impulsions parasites, de mettre en forme ces impulsions et de les 
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Figure 5 
Schéma partiel des circuits logiques. 
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transmettre sous basse impédance; ils permettent également la sortie avec les deux 
polarités. 

Certains circuits logiques, pour lesquels la plus grande simplicité a été recherchée, 
présentent quelques particularités intéressantes (fig. 5). Les signaux nécessaires A la 
formation de YE, L,_, et DE, Ly4, sont prélevés sur les déflecteurs du trochotron 
@écriture et sur les cibles du trochotron de lecture, c’est-a-dire sur les électrodes ne 
participant pas a la commutation, assurant ainsi une séparation utile des circuits. La 
formation des signaux > E, L,_ -, et TE, L,4, met en jeu seulement vingt transistors, 
du fait que chaque coincidence est obtenue par Ja simultanéité des courants de base 
et de collecteur d’un transistor, fournis respectivement par un déflecteur et une cible 
des trochotrons, Le mélange de l’ensemble des dix signaux de coincidence est réalisé 
simplement par l’emploi d’une résistance d’émetteur commune aux dix transistors de 
coincidence. Les résidus, provoqués par l’application du courant de base en l’absence 
de courant de collecteur, sont éliminés par deux amplificateurs a4 seuil. 


On remarquera que le courant de cible du trochotron de lecture ne peut passer que 
par un seul transistor puisque les signaux E,_1 Ly et E,4., Ly, ne peuvent pas coexister. 

Un générateur d’impulsions de test permet d’effectuer directement certaines vérifica- 
tions, et offre des facilités pour le dépannage. Il est composé d’un multivibrateur 
fonctionnant a Ja fréquence de 100 Hz qui déclenche un oscillateur bloqué délivrant 
au choix une, neuf ou dix impulsions d’ordre de commutation en moins d’une milli- 
seconde. On a ainsi la possibilité de lire la mémoire A faible fréquence, de vérifier la 
commutation et le fonctionnement correct en cas de dépassement de capacité. 


RESULTATS D’ESSAIS 
Comportement en fonction de la température 


La mémoire fonctionne correctement jusqu’aux environs de 50°C. Les premiers 
circuits défaillants sont les éléments de mémoire, dont Vamplitude de réponse décroit 
trés vite au voisinage de cette température. 


Détermination des pertes en régime aléatoire 


Les pertes d’événements ont été mesurées en fonction du produit y T de la fréquence 
moyenne d’arrivée par la durée de lecture. Ces pertes exprimées en valeurs relatives 
sont portées sur la courbe de la figure 6. 


Les résultats expérimentaux concordent avec une bonne approximation avec les 
données numériques calculées pour une capacité de mémoire S, égale a 8 [1]. Ce résultat 
s’explique aisément: un registre est immobilisé pendant la durée de lecture et ne doit 
pas entrer en ligne de compte, la capacité effective ayant trait seulement a la «file 
d’attente» [4]; d’autre part, un deuxiéme registre est inutilisé puisque la commutation 
du trochotron d’écriture s’arréte lorsqu’il a pris neuf positions d’avance sur le trochotron 
de lecture et qu’a cet instant l’entrée de la mémoire est bloquée. 

La capacité effective de la mémoire aurait pu étre portée 4 10 en acceptant une 
complexité plus grande des circuits logiques, mais il.est facile de se rendre compte, 


d’aprés la figure 6, que la fréquence moyenne maximale d’arrivée des événements n’en 
eit pas été sensiblement augmentée. 


q7* 
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Figure 6 
Pertes relatives en fonction du «taux de remplissage» selon la capacité S de la mémoire. 
se ceo pertes calculées 


pertes expérimentales 


Conclusion 


La mémoire décrite est sur le point d’étre mise en service; les tests effectués permettent 
descompter un fonctionnement satisfaisant. Toutefois, l'emploi de condensateurs en 
tant qu’éléments de mémoire est considéré comme une solution transitoire; on peut 
penser dés maintenant que les prochains appareils seront basés sur lutilisation de 
dispositifs 4 semi-conducteurs. 
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Abstract — Résumé — Annotanna — Resumen 


Time coding with a binary scaler. A binary scaler is normally used in time-of-flight selectors 
to code the arrival time of an event and to send it in the appropriate address of a memory. 

Such scalers involve special problems; two are examined in this paper: 

(a) The scaler periodically receives long series of impulses. The constituent flip-flops, 
particularly the first, have to be specially designed for these working conditions, which appear 
rather more severe than those of the purely random or strictly periodic operations. 

(b) It is advantageous to catch, in flight, the coded number representing the arrival time 
of an event, and so avoid a momentary stop of the scaler and artificial restoration of the 
normal count afterwards. It can be caught in flight provided that the transit time in the 
scaler is less than the input pulse period. A scaler with a very short transit time has been developed, 
and then a scaler with simultaneously driven elements. The latter, designed to operate at 
10 MHz, comprises ten flip-flops and reaches its stable state 5 x 10-8 after the injection of 
each input pulse. 


Codage en temps par échelle binaire. Une échelle binaire est couramment utilisée dans les 
sélecteurs de temps de vol pour coder l’instant d’arrivée d’un événement, et le classer ainsi 4 
V’adresse convenable d’une mémoire. 

L’étude d’une telle échelle pose des problémes particuliers. Les deux questions suivantes 
sont étudiées. 

a) L’échelle regoit périodiquement de longs trains d’impulsions. Les bascules qui la constituent, 
et en particulier la premiére, doivent étre concues spécialement pour ces conditions de travail, 
qui semblent plus dures que celles du régime purement aléatoire, ou strictement périodique. 

5) Il est intéressant de prélever au vol le nombre codé représentant Je temps d’arrivée d’un 
événement; on évite ainsi l’arrét momentané de I’échelle, et l’obligation de rétablir ultérieure- 
ment le compte normal par un artifice. Le prélévement au vol peut s’effectuer 4 la condition 
que le temps de transit dans l’échelle soit inférieur 4 la période des impulsions appliquées a 
Pentrée. Il a été réalisé une échelle a trés faible temps de transit, puis une échelle dont les élements 
sont attaqués en synchronisme. Cette derniére, destinée 4 fonctionner 4 10 MHz, comporte 
dix bascules et atteint son état stable 5 - 10-8 s aprés l’application de chaque impulsion d’avance- 
ment. 


Bpemesnoe kouposanue npx nomouw GunapHoil cxeMbI. BuHapHas NepecieTHasd cxema ynpoTpe6- 
JIAeTCA B CeJIeKTOpax, TelicTBYIOWIAX NO MeTOAY Iponeta TA KOMMpOBaHvat MOMeHTa NOsYYeHHA 
3aaHHA M OA onpenenenun ero TakKHM O6pa30M B COOTBETCTBYIOMHK anpec 3allOMMHalollero 
yceTpoiicTBa. 

TIpu w3vyenun nopo6Hok cxemMbi BO3HHKaIOT CBOecObpa3Hbie UpoGneMpI; W3YICHbI Ba 

Bonpoca: 
_ 1. Cxema nonyyaet nepnogMyeckH DpOJOKHTeNbHYIO Cepvio MMITyaECOB. [TpepbipaTenm, 
KOTOPBIe €€ COCTABIIAIOT, HB OCOGeHHOCTH DepBbiii, HOJDKHEI ObITh CKOHCTPyMpOBaHEI Cliel|vasIbHO 
WIA 9THX YCIOBHK padboTHI, KOTOpbie ABIIMIOTCA Goree MNPOAOMKHTeISHBIMH, YM YCIOBMA 
pexkHMa YHcTO CiyYalivoro uM CTporo NepHogu4ecKkoro. 

2. Untepecno oToOpatTb HeMesJIeHHO BO BPeMA MpONeTa KOAMPOBAHHOE WHCIO, OTOOpaxkarollee 
BPeMA TIOYYICHUA 3aaHvd; TaAKHM O6pa30M, YCTPaHAeTCH MOMEHTAaJIbHas OCTAHOBKa CXEMBI H 
HeOOXOMHMOCTE 3aMCHATh HOPMAJIBHOe YMCIIO YCHOBHBIM. OTOop B npomeTe MOxeT GEITb 
IIpOw3BeveH pH YCIOBuH, 4TO BpeMaA MponetTa B cxeme GyyeT HMKe Tepvona MMMYIIbCOB, 
DpMMeHsAeMBIX OPH Bbixone. Bbita co3yjana CXeMa C OYHb He3HadUTeENBHbIM BpeMeHeM Mposeta, 


101 


102 J. THENARD 


3aTeM CXeMa, 3JIEMeHTEI KOTOpOM GbIIM CBA3aHBI CHHXPOHHO. DTa NociweqHAA UpenHasHayaeTca 
ayia paSotst npu 10 MHz, conepxut 10 npepsrBateneii wm gocTuraeT cTaGunbHOro CcocTOAHHA 
yepe3 5 X 10-8 cex mocue BIycKka KaxxAOro Onepexkaromero MMMysIbCa. 


Codificacién en el tiempo mediante escala binaria. En los selectores de tiempo de vuelo se 
utiliza cominmente una escala binaria para codificar el instante de recepcidn de un suceso 
y clasificarlo asi en la localizacién conveniente de una “memoria”. 


En el estudio de tal escala se plantean problemas particulares; los autores analizan dos 
cuestiones: 

a) La escala recibe periddicamente prolongados trenes (0 series) de impulsos. Los biestables 
que la forman, particularmente el primero, deben ser proyectados especialmente para trabajar 
en tales condiciones, que parecen ser mas rigurosas que las de un régimen puramente aleatorio, 
© estrictamente periddico. 

b) Es interesante captar al vuelo el numero codificado que representa el tiempo de recepcién 
de un suceso; se evita asi la detencién momentanea de la escala y la necesidad de restablecer 
ulteriormente la cuenta normal mediante un artificio. Esa captacién al vuelo puede efectuarse 
siempre que el tiempo de transito en la escala sea inferior al periodo de los impulsos aplicados 
a la entrada. Se ha realizado una escala de tiempo de transito muy corto y luego otra escala 
cuyos elementos son accionados en sincronismo. Esta Ultima, destinada a trabajar a 10 MHz, 
comprende diez biestables y alcanza su estado estable a los 5 . 10-8 s del instante de la aplicacién 
de cada impulso de avance. 


Introduction 


Les sélecteurs de temps de vol équipés d’une mémoire électronique comportent, 
dans la majorité des cas, un compteur binaire d’impulsions appelé «échelle d’adresse», 
chargé de déterminer I’adresse de la mémoire a laquelle doit étre enregistré un événement 
donné [1]. Ce compteur regoit, 4 partir de l’instant origine, un train d’impulsions 
périodiques fourni par l’«horloge»; V’instant d’arrivée d’un événement survenant 
ultérieurement est déterminé par l’état actuel du compteur. Cet état peut alors étre 
reconnu «au vob», ou bien étre conservé momentanément par arrét du compteur pour 
permettre le fonctionnement de la mémoire; dans ce dernier cas, il doit étre ramené 
a son compte correct avant sa remise en marche au rythme de l’horloge, de facon a 
déterminer convenablement l’instant d’arrivée d’un événement ultérieur. 


Deux problémes particuliers se posent lors de I’étude d’un tel compteur binaire: 


1° Le compteur regoit brusquement des impulsions périodiques, dont la fréquence 
peut étre au voisinage de ses possibilités, puis reste au repos pendant des durées relative- 
ment longues; ces conditions de fonctionnement, assez inhabituelles, peuvent donner 
lieu a des régimes transitoires génants, aussi bien au démarrage qu’a l’arrét du compteur. 


2° Le prélévement au vol du contenu du compteur présente un certain intérét puisqu’il 
élimine l’opération de rattrapage; cette derniére semble d’autant plus difficile 4 effectuer 
que la fréquence d’horloge est plus élevée et que le temps d’accés 4 la mémoire est plus 
faible. Par contre, le prélévement au vol exige que l’état définitif du compteur soit 
obtenu en moins d’une période d’horloge aprés l’application de la derniére impulsion 
d’entrée. 


Le premier de ces problémes peut également se présenter pour des sélecteurs d’ampli- 
tudes rapides 4 mémoire. 
Le présent exposé traitera uniquement de compteurs équipés de tubes électroniques; 


Vapplication des principes exposés ci-dessous 4 des appareils transistorisés ne parait 
pas offrir de difficultés. 
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Etude des régimes transitoires 


La bascule de téte du compteur, qui travaille dans les conditions les plus difficiles, 
doit étre particulitrement bien étudiée. Le présent travail a porté sur un type courant 
de bascule, caractérisé: 


a) Par une attaque des grilles au moyen de diodes; 
b) Par la présence d’une résistance cathodique commune (fig. 1). 


Figure 1 sf 
Conditions normales: Rx = 3,3 kQ; Ce = 47 pF; Rg = 20kQ; Rpg = 25 kQ; Cog = 10 pF; 
Rp = 500Q; Ra = 2,7kQ; Ca = 18 pF; Rz = 33kQ; C, = 12 pF. Tube E 188 CC; 
diodes S$ 570 G (Transitron). Fréquence.d’essai: 10 MHz. 


L’attaque par les grilles a recu notre préférence, en raison de la grande sensibilité 
qu’elle procure au circuit. 

La présence d’une résistance commune de cathodes permet de déterminer avec précision 
le courant traversant le tube ouvert et de le rendre peu dépendant de la tension de 
chauffage, du tube utilisé et de son vieillissement. En outre, cette résistance s’est révélée 
utile pour le probléme qui nous intéresse, comme on verra plus loin. 

La question se pose, dans tous les cas, de savoir quelle doit étre la valeur de la capacité 
découplant R,. En principe, la capacité de C, devrait étre aussi élevée que possible 
afin d’éviter un couplage surabondant et d’assurer aux tubes une pente dynamique 
voisine de leur pente statique. On sait toutefois qu’une limite est imposée 4 la constante 
de temps R; Cy, du fait qu’une bascule n’est jamais parfaitement symétrique et que 
la présence de C, tend a maintenir le potentiel commun des cathodes 4 la valeur la 
plus élevée qui lui est imposée par l’une des deux grilles. Il y a donc toujours intérét 
4 ce que la constante de temps Ry, Cx, soit inférieure a l’intervalle de temps minimal 
susceptible de séparer deux impulsions d’entrée. 


REGIME TRANSITOIRE D’ETABLISSEMENT 


Lorsqu’une bascule, attaquée par l'intermédiaire de diodes, regoit brusquement des 
impulsions périodiques a fréquence élevée, elle passe le plus souvent par un régime 
transitoire inacceptable, avant d’atteindre un fonctionnement normal stable; on peut 
observer au cours de ce régime transitoire une diminution d’amplitude de sortie, entrainant 
éventuellement un arrét momentané du fonctionnement. 

Nous pensons pouvoir donner de ce phénoméne |’explication suivante. L’application 
des premiéres impulsions apporte des charges négatives sur les capacités de mémoire 
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Figure 2 

_ Tension de cathode (en haut) et tension sur l’une“des grilles (en bas). Echelle du temps: 
1 ws par carreau. 

Ck = 1000 pF — Ca = 18 pF — Ra = 2,7kQ — Dz présente — R.A.Z. absente. 
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Figure 3 


Va en fonction du temps (1 us par carreau). 
Ck = 5000 pF — Ca = 18 pF Ra = 2,7kQ D3 présente — R.A.Z. absente. 


Cpje2 et Cong; et sur les capacités parasites C,, et C,,. Ces charges s’écoulent relativement — 
Ientement par les ponts de résistances Rpig, — Rg, et Rpyg; — Rg,. Si la période des 
impulsions d’entrée est petite devant la constante de temps de décharge des capacités 
de grilles, le potentiel moyen de ces derniéres décroft progressivement (fig. 2). Corrélative- 
ment, le potentiel de !’armature du condensateur Ca, reliée aux diodes D, et D,, 
augmente. I] en résulte un blocage progressif des tubes et une diminution d’amplitude 
des impulsions appliquées réellement aux grilles (fig. 2), d’ou la diminution des signaux 
de sortie, et éventuellement l’arrét de fonctionnement de Ja bascule, d’autant plus rapide 
que le recul de grille est plus faible (fig. 3). 

Ce phénoméne de blocage partiel ou total peut étre évité en rendant la constante 
de temps R;, C, suffisamment petite devant la période des impulsions incidentes, afin 
que le potentiel des cathodes accompagne bien le potentiel moyen des grilles; 1a constante 
de temps R; C, doit toutefois ne pas étre trop petite devant la largeur de l’impulsion 
d’entrée, et, en définitive, la détermination de C, donnant le meilleur compromis doit 
étre effectuée expérimentalement. 
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Figure 4 


Comparaison des tensions obtenues sur les deux grilles (2 us par carreau). 
Ck = 47 pF Ca = 200 pF Ra = 100kQ — Dy présente — R.A.Z. absente. 
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Figure 5 


Tension sur les deux grilles: en haut, Vgi; en bas, Vg2 avec l’application de la remise a zéro 
(1 ws par carreau). 
C, = 33 pF — D3 présente. 


De méme, la constante de temps R, C, doit étre suffisamment faible pour que le 
potentiel moyen en «a» reste toujours peu différent du potentiel des cathodes. On 
satisfait facilement 4 cette condition en shuntant R, par une diode telle que D3. 


Il est 4 remarquer que, le potentiel en «a» étant pratiquement celui des cathodes, 
lapport continuel de charges négatives sur les grilles entraine une baisse considérable 
de leur potentiel; un état d’équilibre est toutefois rapidement atteint, parce que les 
courants de décharge dans les ponts Rpjgy — Rg et Rpyg; — Rg, augmentent par 
un double effet: baisse du potentiel moyen des grilles et élévation du potentiel moyen 
des anodes. 


REGIME TRANSITOIRE A L’ARRET 


Si aucune précaution spéciale n’a été prise, la suppression des impulsions d’attaque 
risque de provoquer des phénoménes dont |’allure générale est donnée par la figure 4. 
Aprés la derniére impulsion, les deux anodes de la bascule tendent a revenir 4 un potentiel 
moyen égal pour les deux; a la suite d’une période d’hésitation, la bascule prend une 
position quelconque sans rapport avec son état précédent. 
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Ce phénoméne peut trouver l’interprétation suivante. Nous supposons que 1|’état 
de la bascule, aprés l’application de la derniére impulsion, est tel que le tube T, conduise. 
Les grilles ne recevant plus de charges négatives, voient leurs potentiels remonter 
exponentiellement vers leurs valeurs de repos avec la constante de temps [Rg, Rg/(Rgp + 
+ Rg)] (Cop + Cy). 

Si Ia grille de T, parvient a atteindre le potentiel en «a», la diode D, devient con- 
ductrice, et la remontée de cette grille est ralentie par la mise en parallele de C, avec 
Cgp et C,, la résistance du générateur d’attaque pouvant étre tenue pour négligeable. 
Or la tension de cathode suit fidélement le potentiel de la grille de T,, puisque, dans 
ce cas, la constante de temps 4 considérer est C,;s, S étant la pente des triodes. Pendant 
ce temps, le potentiel de la grille de T,, initialement plus faible que celui de la grille 
de T,, poursuit sa remontée sans perturbation, ce qui peut entrainer le déblocage de 
T,. La bascule devient alors instable, jusqu’é linstant ou le potentiel de cathode est 
suffisamment élevé pour qu’un des tubes puisse étre franchement bloqué. 


Un tel défaut n’est possible que si le potentiel en «a» suit le potentiel des cathodes 
avec un certain retard. Donc, ici encore, la constante de temps R, C, doit étre choisie 
aussi faible que possible. 

Tl faut encore mentionner l’effet produit par un circuit de remise 4 zéro de la bascule 
(dessiné en traits mixtes sur la figure 1). Par un mécanisme analogue 4 celui qui vient 
d’étre décrit, la remontée du potentiel de la grille de T, risque d’étre freinée si la diode Dy 
devient conductrice, et l’état définitif de la bascule est systématiquement celui qui 
résulterait de l’application d’une impulsion de remise 4 zéro, c’est-a-dire T, conducteur 
et T, bloqué (fig. 5). Il est donc nécessaire, ici encore, de rendre la constante de temps 
R, C, aussi faible que possible. 


CONCLUSIONS 


a) Dans les conditions d’exploitation précédemment définies, une bascule aura les 
meilleures chances de fonctionner correctement si les constantes de temps Ry Cy, Ra Ca 
et R, C, possédent les valeurs les plus faibles possibles, compatibles avec les autres 
exigences du circuit. : 


b) La présence d’une résistance commune de cathode Rx, outre les avantages qu’elle 
apporte concernant la stabilité statique du circuit, présente un intérét certain du point 
de vue de la stabilité dynamique 4 condition d’étre faiblement découplée. 


c) On se rend aisément compte que ces conditions d’exploitation constituent un test 


extrémement efficace pour l’essai de bascules destinées 4 recevoir des impulsions 
aléatoires. 


Compteurs a faible temps de transit 7 


Dans un compteur binaire susceptible de fonctionner 4 des fréquences de quelques 
mégahertz, la retenue se propage avec un retard de quelques dizaines de nanosecondes 
d’une bascule a la suivante [2]. Dans certains cas, le temps pris par le compteur pour 
prendre son état définitif aprés l’application de la derniére impulsion peut étre jugé 
prohibitivement long. On ne peut pas espérer, par l’emploi des bascules les plus rapides 
que 1’on sache réaliser, réduire ce délai de plus d’un facteur 10. 


Nous avons expérimenté deux procédés visant 4 rendre plus bref ce temps de propaga- 
tion des retenues. Le premier consiste 4 obtenir le signal de retenue au moment ov 
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Pun des tubes de la bascule est mis au cut-off, plutét que d’utiliser le début de la conduction 
de l’autre; le second met en jeu une attaque en paralléle des différentes bascules, grace 
a des circuits 4 coincidence. 


1. Le premier procédé est basé sur la remarque suivante. Au moment de l’attaque 
d’une bascule, les deux tubes se trouvent mis simultanément au cut-off; il en résulte 
que les fronts de descente des signaux anodiques sont toujours en retard vis-a-vis des 
impulsions d’attaque, alors que des fronts de montée apparaissent beaucoup plus tét, 
ainsi qu’il est représenté schématiquement sur la figure 6. 
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Figure 6 
Impulsions d’attaque et signaux anodiques. 


L’application de ce principe sur des bascules équipées du tube E88CC, avec un E83F 
monté en inverseur, ont permis de réduire d’un facteur supérieur 4 3 le temps de transit 
d’une retenue par bascule, qui est alors passé 4 6 ns, pour un temps de résolution de 
10-7 s. 


2. Le second procédé consiste 4 appliquer simultanément les impulsions aux bascules 
du compteur qui seules doivent changer d’état. La condition unique pour que la bascule 
n° k, par exemple, change d’état a Ja prochaine impulsion, est que les (k — 1) qui la 
précédent soient dans l’état «i». Partant de cette constatation, il existe deux moyens 
de réalisation: 

a) Faire passer l’impulsion par (k — 1) circuits de coincidence disposés en série, 
selon la disposition de la figure 7a. HAHN, HAVENS et PEGRAM [2] ont pu réduire, par 
ce moyen, de 20 ns a 3 ou 4 ns le temps de propagation de la retenue pour une bascule 
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Figure 7 
Circuits de coincidence disposés en série. 


6) Appliquer Pimpulsion de déclenchement a4 travers un seul circuit de coincidence 
a k entrées dont (k — 1) sont commandées par les bascules précédentes (fig. 7b). Cette 
méthode permet de s’affranchir des retards introduits inéluctablement par les circuits 
de coincidence. 

L’échelle construite sur ce principe (fig. 8) prend son état d’équilibre en 10 ns environ, 
quel que soit le nombre d’éléments. Ces bascules ont un temps de résolution de 25 ns, 
et il est possible d’en coupler sept selon le schéma. Pour constituer un compteur com- 
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Figure 8 
Compteur comportant 7 éléments. 


portant un nombre d’éléments supérieur, il est nécessaire de le fractionner en plusieurs 
parties, chacune d’elles étant attaquée par le dernier circuit de coincidence de la 
précédente. 

Les premiers essais effectués sur un tel compteur équipé de transistors permettent 
d’espérer un fonctionnement aussi rapide avec des schémas de coincidence plus simples, 
constitués uniquement de diodes. 


Conclusion 


Les considérations et la méthode exposées ci-dessus ont été appliquées au compteur 
d’impulsions constituant l’organe principal du codeur en temps du sélecteur bidimen- 
sionnel type 2X3 [3], fonctionnant sur une fréquence de 10 MHz. 
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DISCUSSION 


K. Kandiah (United Kingdom): We have used a binary number comparator in our 
tape analysis systems to perform the same function as that described in Mr. Amram’s 
paper, but our method is, we believe, somewhat simpler in that it uses, apart from — 
the normal transistors found in a binary, only one transistor per digit for a plus 
recognition, and one more for a minus recognition. 


J. Pottier (France): We were informed of your work just before the Conference. 
Unfortunately we have not had time to discuss it, but we would be very happy to do so. 


LODESTAR: 
A NEW COUNTER DATA-HANDLING FACILITY 


A. RopertTs AND C. Rockwoop 
ARGONNE NATIONAL LABORATORY, ARGONNE, ILL. 
UNITED STATES OF AMERICA 


Abstract — Résumé — Asnotagua — Resumen 


LODESTAR: A new counter data-handling facility. LODESTAR (Logically Organized Data 
Entry, Storage and Recording) is designed to analyse and store complex electronic-counter 
data from high-energy-pulsed accelerators. It receives digital and analogue information at high 
speed during the short (1 to 200 ms) beam burst, digitizes and stores it in a core memory. 
Between machine pulses (2—4 s) the data are transferred to a magnetic tape. Analysis is by 
off-line general-purpose computer. 

In contrast to earlier systems, an event is not set up as a single word with parallel entry into 
the core memory. Instead, a fixed word length (say, 12 bits) is used, and a format control enters 
each event into the core memory as a serial group of words via a one-word register. A format 
character of six bits is used for each recorded event to indicate the number of words describing 
the event. Events of different complexity are readily accomodated up to the memory capacity 
of about 104 bits. Storage time is 4 us per word. After each beam burst, additional coded data 
like serial number, beam energy and magnet current are transferred to the tape via the one-word 
register, without entering the memory; an additional 6-bit format character describes these 
“slowly-varying’’ quantities. 

It is planned to include analogue-to-digital converters, parity checking, tape verification, 
analogue display of data and cathode-ray tube memory display for system checking. External 
logical circuitry must be provided to select the desired events. 


LODESTAR: Nouvel appareil de traitement des données fournies par les compteurs. LODESTAR 
(Logically Organized Data Entry, Storage and Recording) a pour objet d’analyser et de stocker 
les données complexes fournies par des compteurs électroniques sur des expériences faites au 
moyen d’accélérateurs pulsés de haute énergie. II regoit des informations numériques et analo- 
giques pendant la bréve (1 4 200 ms) bouffée du faisceau, transforme en chiffres les informations 
analogiques et les stocke dans une mémoire 4 tores. Entre les impulsions de l’accélérateur 
(2.445), les données sont transférées sur une bande magnétique. L’analyse se fait par un calculateur 
A tous usages. 

Contrairement 4 ce qui se produit dans les systémes plus anciens, un événement n’est pas 
traité comme un mot isolé, avec entrée paralléle dans la mémoire 4 tores. Au lieu de cela, on 
utilise une longueur de mot fixe (par exemple, 12 chiffres binaires ou bits); un conditionneur 
de format fait entrer chaque événement dans la mémoire 4 tores sous forme d’une série de mots 
en passant par un registre 4 un seul mot. Un indice de format de 6 chiffres binaires est utilisé 
pour chaque événement enregistré, pour indiquer le nombre de mots décrivant I’événement. 
Des événements de complexité diverse sont facilement stockés, jusqu’a concurrence de la capacité 
de la mémoire qui correspond a environ 104 chiffres binaires. Il faut 4 ys pour stocker un mot. 
Aprés chaque bouffée du faisceau, les données codées supplémentaires, telles que le numéro 
de série, l’énergie du faisceau, le courant dans l’aimant, sont transférées sur la bande magnétique 
par l’intermédiaire du registre 4 un seul mot, sans pénétrer dans la mémoire; un indice supplé- 
mentaire a 6 chiffres binaires décrit ces quantités «a variation lente». 

Les auteurs envisagent d’étudier dans le méme ordre d’idées les convertisseurs de données 
analogiques en numériques, le contrdle de parité, la vérification sur bande, la reconversion 
en données analogiques et la transcription des données stockées dans un tube de Williams 4 
des fins de contréle. Des circuits logiques externes doivent étre prévus pour permettre de retenir 
les événements du type recherché. 
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JIOJIECTAP: nopoe cuerHoe ycrpoiicrso 419 oOpaGoTKH janHBEIx. JIOJECTAP (normueckn 
OpraHB30BaHHbIi BXOL, HaKOIMMIeHHe MH 3aNMCb TaHHBIX) NpeaqHasHayeHO WA avasiv3a MW XpaheHHa 
CHOKHBIX DAHHBIX, MOUYYAeMBIX Ha YCKOPUTENAX C BLICOKOM 9Heprvei HMUYIECHOrO Tua. OHO 
nonyyaer HHopMalsto UMpoBworo Hw HelpepLIBHOrO cyeTa Cc GObIIOM CKOPOCTbIO BO BpeMaA 
kpatKoro (1—200 m/cex) HMOyIIbCa y4ka, DOACYMTHIBAaeT HM HakalIMBaeT ce B 3allOMHMHAIOLIeM 
yeTpoiicrse. B npoMexyTkKax Mexyay DyIbcalmeli yckoputea (2—4 cex) WaHHble Nepesarotca Ha 
MarHUTHYYo JIenTy. AHasIM@3 IpOK3BOAMTCA cyeTUMKOM OOGlIero Ha3Hay¥cHusA CO CMelleHHOK 
sa4Hveii. 

B npoTHBONONOXKHOCTb NpeAbIAYOIMM CHCTeMaM sABsIeHHe He HaGupaeTcA B kayeCcTBe ODHOTO 
cnoBa C NapasienbHbIM BXOJOM B 3aN0MMHalolee ycTpoiicrBo. BmecTo 9roro uCiOuIbyeTcaA 
YCTaHOBJICHHad JIMHa ClOBa (CKaxkeM, 12 3HakoB), a KOHTPOMIb 3a dopMaTom conpoBoxyaeT 
kKaxk0e ABsJIeHHe, NOCTYMaroulee B 3aNOMMHAaIOLllee YCTpoiicTBO, B KaYeCTBe CepHiHOw TpyNubI 
CJIOB ¥epe3 OAHOCIIOBHLIM peructpatop. Jia KaxOTO 3alMCbIBAaeMOFO ABIIEHMA UCHONb3yeTCA 
opMaT 43 WecTH 3HaKOB C IebIO yKa3aHHA KOMMYCCTBA CJIOB, OMMCHIBAIOUIMX ABIICHHE. 
SABNeEHUA Pa3sNH4HO CIO%*KHOCTH B FOTOBOM Bie HakallIMBaloTca B 3aNOMHHAIOILeM YCTpOlicTBe 
co ckopocTbio oxono 104 sHakos. Bpema HakoneHua coctaBiaeT 4cex ua cmoso. Tocne 
MMITYJIbCa KAKTOFO IyIKa JONMOMHUTeIbHad 3AKOAHPOBaHHad MHOpMalnA, HallpuMep, CepHiHoe 
YHCIIO, 3HEPruA Wy4Ka, MarHHTHBIi TOK, Wepemarotca Ha JeHTY Yepe3 ODHOCIOBHbI perucTpaTop, 
MMHYA 3aNlOMHMBalollee YCTPOMCTRO; IA ONMCAHHA STHX ,,MeJJICHHO H3MCHAIOLUMXCA KOJIMYCCTB 
CYINECTBYET JONOJHUTEIBHAIM mopmMaT U3 6-TH 3HAaKOB. 

Jina mpoBepku CHCTeMBI B Hee DpeANONTaraeTca BKIKOYUTL Npeobpa3zo0BaTesi HeMpepbIBHOTO 
cueTa B UMposoit, mpHOophI W101 MpoBepKH HempepbIBHOrO C4eTa, BLIBCPKH JICHTHI, AHAJIOTOBbIM 
MHAYKTOP Ja@HHBIX HW HHAMKATOp 3allOMHMHaloulero YCTpoiicTBa c KATOAHO-Ny4eBO TpyOKon. JIna 
oT6opa 2xeNlaTeIbHEIX ABleHHK ycTpolicTBo HeO6xoguMO CHa6AHTb BHeIMHel JorMueckoli cxemoi. 


LODESTAR: Un nuevo aparato para manejar datos sumihistrados por contadores. El 
LODESTAR (Logically Organized Data Entry, Storage and Recording) se emplea para analizar 
y acumular datos complejos suministrados por contadores electrénicos, asociados a aceleradores 
pulsantes de elevada energia. Recibe informacién en forma digital y analégica a gran velocidad 
durante el breve lapso (1 a 200 ms) que dura cada impulso del haz, la transforma en informacion 
digital y la acumula en una memoria de ntcleo magnético. Durante los intervalos entre los 
impulsos (2 a 4s) los datos se inscriben en cinta magnetofénica y se analizan mediante una 
calculadora independiente de uso general. 

A diferencia de sistemas anteriores, un fendmeno no se registra en forma de palabra unica 
con entrada en paralelo en la memoria de nticleo magnético. En lugar de ello, se utiliza una 
extension fija (por ejemplo, 12 bits) para cada palabra y un dispositivo regulador de formato 
que comunica los fenémenos a la memoria en forma de grupo seriado de palabras por medio 
de un registrador de palabras aisladas. Para cada fenédmeno registrado se utiliza un formato 
tipo de 6 bits, que indica el numero de palabras que describen el fendmeno. Es posible reunir 
facilmente fendmenos de complejidad diferente hasta colmar la capacidad de la memoria 
(unos 104 bits). Las palabras se acumulan a un ritmo de 4s. Una vez cesado el impulso del 
haz se inscriben en la cinta magnetofénica, por medio del registrador de palabras aisladas y 
sin pasar por la memoria, datos suplementarios cifrados como, por ejemplo, numero de serie, 
energia del haz y corriente del electroiman; otro formato tipo de 6 bits describe estas cantidades 
“Jentamente variables”. 

Se proyecta dotar al aparato de convertidores analdégico-digitales, comprobacién de paridad, 
verificacién de la cinta, presentacién analégica de datos y su presentacién en tubos de rayos 
catédicos para comprobar el sistema. Deben preverse circuitos légicos externos para seleccionar 
los fendmenos deseados. 


I. General description 


_ The Logically Organized Data Entry Storage And Recording equipment (LODESTAR) 
accepts digital information at a high rate for a short interval of time, stores the information 
temporarily in a fast memory, and then records the information on magnetic tape. 
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LODESTAR must accept without notice several hundred elemental pieces of information 
(bits) which describe randomly-occurring nuclear events during a burst from the ZGS, 
then store this quickly and be ready for new information, all in the space of a few tens 
of microseconds. During the ZGS burst of a few milliseconds, several tens of such 
events may occur. During the interval of a few seconds between bursts, the information 
is written on to magnetic tape and one event is displayed on lights and a cathode-ray 
tube. Data-handling equipment of four different speed capabilities is necessary to make 
the transition from the high random rates at the input to the slow but steady flow to 
magnetic tape. These four are (i) fast (10 ns) sampling circuits, which take a brief look 
at one to three hundred bits, then stretch the samples and present them in parallel to 
(ii) flip-flop memories (1 us) which store them as long as required and feed them in 
groups of 12, to (iii) a ferrite-core memory (4 ys) which retains and accumulates them 
during the ZGS burst, then deals them out to (iv) the magnetic-tape (67 us) memory. 

A high degree of adaptability to varying types of information sources is achieved 
by the use of format-control words interspersed with the data words. A format word 
is entered as the leading word of each event and tells how many words are included 
in this event. At the end of the transfer of core memory to tape, a distinctive format 
word warns that more words of a different kind follow, such as ZGS beam current, 
time, number of events, etc. 

Self-checking capabilities are a feature of the design. Each temporary-storage flip-flop 
can be set to either of its states, then each word may be transferred into core memory 
and brought out to a cathode-ray tube display. After transfer to the tape, the tape is back- 
spaced to the beginning of the record, then read and compared with core-memory 
contents. If an error occurs, the information is again transferred to tape and warning 
lights indicate the tape channel in which the error occurred. Redundant check-characters 
are used in the tape to provide a method for observing and correcting isolated tape 
errors. 


Il. Timing of information transfers 
1. CLEAR MEMORY 


The sequence of information transfers begins with a command from the ZGS 10 ms 
prior to the ejection of its beam. At this command, LODESTAR discontinues its display 
mode and clears all temporary-storage flip-flops, format counters and all memory cores 
to the “0” state, as indicated in the timing chart, Fig. 1. A full memory cycle is used 
for this clearing, requiring 10 us for each address and 10 ms for all 1024 addresses. 


2. ZGS BEAM ON “WRITE ONE” 


During the 200 ms that a beam of particles emerges from the ZGS, LODESTAR 
receives, in temporary-storage flip-flops, information which has been encoded by any 
of a variety of detectors. LODESTAR has a separate temporary-storage bit for each 
one that the experimenter wishes recorded. Fast logic must be provided by the experi- 
menter to make a preliminary screening of events to be recorded and to provide short- 
duration gates between the detectors and the temporary storage. For an event which 
passes the preliminary screening, the experimenter’s logic generates a ‘‘write-one” 
command and a format word of 5 bits that gives the number of 12-bit words in the 
current event (one bit is spare). The dead time caused by the entry into core memory 
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Fig. 1 
Timing chart 


is proportional to the format word. In the case shown in Fig. 1, twelve memory cycles 
store 144 bits in 12 groups. In order to keep the dead time to a low value, the memory 
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storage cycle is abbreviated to ‘“‘write only”, since the previous operation (“clear 
memory’’) has left all cores in the “0” state. The ‘“write-only” cycle is completed in 
4 us, so that the entire event is stored in less than 50 ps. Filling the core memory with 
such events would take 3.2 ms, so that the total dead time is less than 2% of one 
“‘beam-on” period. The storage cycles of a single ‘“‘write-one” command are shown 
in detail in the expanded time scale of the top 4 lines. Each cycle has four parts: 
(1) clear-memory register, (2) transfer of the next 12-bit word into memory register, 
(3) write-in core memory and advance-format counter by unity, (4) add unity to address 
register. 


3. ‘““WRITE TWO” 


At the end of “beam on”, the events accumulated in the core memory are transferred 
to magnetic tape. The command ‘“‘write two” starts the tape transport, clears the tape 
non-return-to-zero (NRZ) write-drivers to ‘‘0’’, and initiates write bias-currents in the 
recording heads. After an appropriate time allowance for the tape transport to reach 
speed and the location on tape where the next character is to be written, the address 
register is cleared to the first address and two repetitive sub-routines are initiated. These 
sub-routines take successive 12-bit words from core memory, pass them in words of 
6-bits to parity-generators and to write-amplifiers, thence to tape. These transfers are 
timed so that successive tape words occur about 33 ys apart, so that a tape speed of 
150 cps results in a packing density of 200 in-!. This process is terminated either when 
the first 6 bits of an event, the format word, is zero, indicating that no more addresses 
are occupied, or when the entire memory is written, as indicated by an overflow in 
the address register. 


4. SLOW QUANTITIES TO TAPE 


Next a group of words of slowly-varying quantities is transferred to tape, using the 
memory register to receive them in groups of 12 from their respective sources and using 
the previously-outlined method to write on tape. The first word of this group contains 
a 6-bit format which identifies the quantities and gives the number of 12-bit characters 
contained in the group. When all such quantities have been written on tape, a waiting 
period equivalent to three tape-word-times is initiated, after which a longitudinal 
redundant check character is written on tape by clearing the NRZ registers to their 
“0” state. A stop command is given to the tape transport, the tape is allowed to come 
to a halt and write-bias is removed. 


5. BACKSPACE, VERIFY 


Next the entire transfer of information to tape is verified, using procedures set up 
for the write operation. To begin the verification, the tape is moved in the reverse 
direction until the beginning of the record, indicated by three successive word-times in 
which no new word appears. Again starting at the first-core memory address, the write 
process is repeated, except that no write bias is supplied, the bits formerly presented 
to write amplifiers being now compared with their respective tape bits, and the entire 
process is timed by a sevenfold ‘‘or” of the tape tracks. 
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6. REWRITE 


If a discrepancy appeared any time during the verify routine, the tape is moved 
forward an amount necessary to satisfy format requirements and the write process is 
repeated. This time, however, a bit in the Slow Quantities Format Word is used to 
indicate that this record is a rewrite of the previous one. The editing of such repeated 
records is then a simple operation for either the IBM-1401 or IBM-704. 


7. DISPLAY 


At the end of “rewrite”, or at the end of “verify” if no error appeared, the display 
mode is initiated. The words of the first event are called out from memory. During 
the time that a given word of that event resides in the memory register, a display 
commutator counts successively from 1 through 12, analogue encodes these into 
a staircase function, and uses this as the horizontal deflection of a cathode-ray tube. 
The Format Counter is similarly encoded for the vertical deflection. The display 
commutator samples the bits of memory register, and intensifies the display for those 
bits where a “1” resides. The process is repeated for the next word, etc., until the Format 
Counter equals the Format Word, whereupon the routine is repeated, again beginning 
at the first address. The display mode continues until the ZGS orders a Clear Memory, 
in anticipation of the next burst of particles. 


Til. Block diagram 


The major blocks of the system are shown in Fig. 2. In dotted lines on the left are 
shown the information sources and fast gates which must be arranged by an experimenter 
to suit his requirements. The “‘write-one” command, telling LODESTAR to store 
an event, must be accompanied by a format word telling how many 12-bit words are 
contained in the current event. The storage of the first 12-bit word can proceed 
immediately, even though later words have not yet been fully encoded. Of course, the 
storage of any word must not be started until such a word is present in its temporary 
storage register. The first word is stored by transferring its 12 bits in parallel into the 
memory register, by means of the twelve twofold “ands” marked First TS to Memory 
Register. The “‘write-only” memory cycle then stores the word and advances the address 
register. The memory cycle also enters a count in the lower-format counter, which is 
decoded into one line for each word. The transfer pulse of the memory cycle is “‘anded” 
with these decoded lines, and produces a sequence of gating signals which deal the 
successive words from temporary storage into the memory register. Memory cycles 
continue until the count in the lower-format counter equals that required by the upper- 
format counter, UFELF, whereupon temporary storage flip-flops and the upper-format 
counter are cleared, awaiting the arrival of the next event. Succeeding events are likewise 
stored, up to the 1024-word capacity of core memory. 


At “write two”, core-memory contents are brought out in sequence, beginning with 
the first address. The first six bits generate an odd parity bit, then all 7 are transferred 
to tape. A 6-place shift in the memory register brings the remaining 6 bits of the first 
word into place, a new parity bit is generated, 7 more bits are transferred to tape, and 
the memory cycle is initiated. This memory cycle is a full read and write sequence, in which 
the contents of each address are stored again in the same location for future use, either 
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in Verify or Display. The ‘“‘write-two” process is continued until a format word equal 
to zero appears, indicating that all remaining core-memory addresses contain zero. 
Then the slow quantities are dealt into the memory register by the lower slow-quantities 
counter, in the manner formerly described for the format counter. The slow quantities 
are then written on tape, after which backspace, verify, rewrite and display modes 
follow, as previously described. 

The cathode-ray tube display scheme is indicated in Fig. 2. The lower-format counter 
is encoded for the vertical, and the 4-bit display commutator and counter is likewise 
encoded for the horizontal. When in normal use, the display mode shows only the words 
of the first event. A test display mode is also provided, wherein events after the first 
are also displayed, one after the other. This mode is of value when all events in the 
memory are similar to one another, as may be the case during testing. 


DISCUSSION 


G. I. Zabiyakin (USSR): Does your apparatus have a memory besides the magnetic 
tape—a ferrite core for example? 


A. Roberts (United States of America): Yes, I am sorry if I did not make that clear. 
The main memory of the device is a core memory of 12 by 1024 bits, that is it stores 
1024 12-bit words and all the information is stored in this memory. There is temporary 
flip-flop storage at the beginning, but this is only for a few microseconds and the events 
are then stored in a ferrite-core memory; once the pulse is over, they are read out into 
the magnetic tape. 


K. Kandiah (United Kingdom): I would like to ask Mr. Roberts two questions. 
You show a complete digital temporary store. I presume that the word in its original 
form contained some analogue information. Could you say something about the analogue- 
to-digital conversion required before the information is put into the digital store 
described? The second question is: Why do you use a start-stop tape mechanism? 
Having done all the necessary temporary storage you could just run a tape very very 
slowly. 


A. Roberts: The data to be stored is of course, as shown here, all digital, and it is 
necessary therefore for the LODESTAR process to be preceded by any analogue-to-digital 
converters that may be required. They were unfortunately not shown in the block 
diagram; they would be supplied by the experimenter, who would, if he needed pulse- 
height information for example, provide a pulse-height encoder to give a digital output. 
This is taken account of by the way in which the write-one pulse is provided. If the 
gate is opened, there will be a prompt gate which will take all the prompt information, 
and there will probably be a delayed gate, as in previous devices, in which any encoded 
information will be accepted after the time which is necessary to encode it has elapsed. 
That part of the equipment is there, but was not shown in the slides. 

As to the second question, I am not sure of the answer myself. I would have thought 
that a slowly moving tape transport would be satisfactory, and in fact such a transport 
is being used at Brookhaven. In the present device we had this transport available and 
I suppose that is why we are using it.* 


* The start-stop tape mechanism has the following advantages: 
(1) Start-stop transports are standard for computer use; slow moving tapes are not; 
(2) It permits verification of the written tape, rather than merely the writing current; 
(3) Rapid tape writing frees the core store for use in the display mode. 
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D. A. Mack (United States of America): The reason we use a fast start-and-stop tape 
transport is to cut down the entry time into the computer. Also, since the start and 
stop times were each only 5 ms, we could empty the core store several times during one 
bevatron pulse of 0.1 s. 


G.I. Zabiyakin: What system do you use in the further processing of the information 
recorded on tape? Does; the recording have to be specially processed or can it be given 
straight to a machine? 


A. Roberts: The format of the data, as it is put on the magnetic tape, is suitable 
for direct introduction into an IBM machine, either the 704 or the 709, or even the 
1401, and it is possible of course to transform it from magnetic tape to any other format 
that may be convenient if one wishes to do so. The magnetic tape seems to be the most 
convenient, however, and the format is so chosen that it is suitable for direct introduction 
into the machine we have, namely the 704. 
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Abstract — Résumé — Annotauua — Resumen 


Devices for processing data from multi-channel analysers 
1, A SYSTEM FOR THE PRELIMINARY PROCESSING OF DATA FROM A NEUTRON SELECTOR 


With this system data can be summed from a series of consecutive measurements, with and 
without a sample in the beam; the background can be isolated, and the shift of the sample 
and the statistical measuring error can be calculated. The system includes a magnetic-tape 
memory, a cipher arithmetic element with division, an analogue cipher device for error calculation 
and an electromechanical device for determining the background. All these cipher devices 
employ ferrite-transistor elements and the analogue devices employ electronic tubes. The system 
is intended for work with a 1024-channel analyser; the analyser’s printing device is used for 
data extraction. 


2. APPARATUS FOR PROCESSING DATA FROM A SCINTILLATION y-SPECTROMETER 


The apparatus is intended for processing gamma spectra by the matrix method. The possibility 
of using both a forward and a reverse matrix is envisaged. The apparatus works together with 
a 128-channel amplitude analyser having a binary-decimal code memory system. The data 
in the memory of the analyser can be stored in the measuring process or introduced manually. 
The conversion matrix is introduced by means of perforated tape. The whole converter circuit 
uses ferrite-transistor elements; the data is taken from the apparatus on the analyser’s printer. 
The equipment can also be used for processing neutron spectra. 


Dispositifs pour le traitement des données fournies par des analyseurs multicanaux 
1. SYSTEME POUR LE TRAITEMENT PREALABLE DES DONNEES FOURNIES PAR UN SELECTEUR 
A NEUTRONS 


Le systéme en question permet d’additionner des données obtenues par une série de mesures 
consécutives, avec et sans échantillon dans le faisceau, de déduire le bruit de fond et de calculer 
la transparence de l’échantilion et Perreur statistique de la mesure. Il comprend une mémoire 
a bande magnétique, une wnité arithmétique numérique déclenchant l’opération de division, 
une unité numérique-analogique pour le calcul de l’erreur et un dispositif électro-mécanique 
qui mesure le bruit de fond. Tous les dispositifs pour le traitement numérique sont équipés 
de transistors et de ferrites, et les dispositifs pour le traitement analogique de tubes électroniques. 
Le systéme est destiné a étre utilisé conjointement avec un analyseur 4 1024 canaux; pour 
extraire les données, on emiploie le dispositif d’enregistrement de l’analyseur. 


2. DISPOSITIF POUR LE TRAITEMENT DES DONNEES FOURNIES PAR UN SPECTROMETRE 
GAMMA A SCINTILLATIONS 


Ce dispositif a été construit pour le traitement des spectres gamma par la méthode de la 
matrice. On a prévu la pdssibilité d’employer une matrice normale et inverse. Le dispositif 
est couplé 4 un analyseur d’amplitudes 4 128 canaux, qui dispose d’un systéme de mémoires 
employant un code qui est alternativement binaire et décimal. Les données peuvent s’accumuler 
dans la mémoire de l’analyseur au cours des opérations de mesure ou étre introduites par 
Yopérateur, La matrice de conversion est introduite a l’aide d’une bande perforée. Le circuit 
du convertisseur est entiérement équipé d’éléments de transistors et de ferrites; les données 
sont transférées du dispositif sur l’enregistreur de l’analyseur. Le dispositif peut en outre servir 
au traitement des spectres neutroniques. 
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Ycrpoiicrsa ya oOOpaGoTKH aHHBIX MHOFOKaHaJIbHbIX aHaJIH3aTOPOB. 
1. CHcTEMA JIA IIPEXBAPMTENbHOM OBPABOTKH JAHHBIX HEMTPOHHOTO CEJIEKTOPA 


CyicTeMa O3BOsIfeT CVMMHPOBATb DaHHble psafia NOCHE AOBaTEJIbHbIX H3MepeHHit c O6pa3ll0oM 
wv 6e3 oOGpa3rja B Iy4Ke, BLIMHTaTb MOH, a TakKoKe BLIYHCIIATh MpomycKanHe OOpa3ija HW CTaTHCTH- 
yecky1o owmMGKy u3MepeHua. CucTema BKO¥aeT Ha MarHHTHOM JIeHTe NaMaTs, WHppoBoe 
apudMetuyeckoe ycrpouicTBo, BKIIOYaIOWee ONepalMto AeNeHuA, aHanoro-udpoBoe ycrpoii- 
CTBO BbIMMCIICHHA OUIMOKH M BIeEKTPOMexaHMyeckoe YcTpoiicTBO, 3amatotuee hon. Boe uMdpoBbie 
YCTpOiicTBa BLITIONHeHbI Ha (beppHT-TpaH3UCTOPHBIX IIEMeHTAaX, AHAJIOTOBbIe - ~ Ha IIEKTPOHHBIX 
jlamnax. CucreMa ipetHa3Hayeva aia paGoTn c 1024-kaHanbHbIM aHasM3aTOpOM, AIA BbIBOZAa 
DAHHBIX MCHOUb3YeTCA MeyaTatollee yCTpoicTBO aHaM3aTopa. 

2. YcrPoiicTBO Ih OBPABOTKH JAHHbIX CIMHTWIUIALMOHHOLO -CIEKTPOMETPA 

Yerpoiicrso npeaHa3sHayeHo Oa O6paGoTKH y-clleKTpoB 10 MaTpHyHomy metony. Tpeny- 
CMOTpeHa BO3MO%KHOCTh HCHONb30BaHHA KaK NpAMOH, Tak HW OOpaTHOH MaTpuL. YcrpoiicTBo 
pa6otaer BMecte co 128-KaHaIbHbIM AaMIUIATYQHBIM aHaIM3aTOpOM, UMecrOUIMM CHCTeMy 
TlaMATH, paboTaroulyio B JBOMYHO-eCATHYHOM Koge. J[aHHble B MaMATH aHasIM3aTOpa MOryT 
HaKalUIHBaTbca B Tipowecce u3MepeHHaA WIM BBOAMTECA Bpy4Hyro. Matpuua npeobpa30Banna 
BBOZHTCA C NOMOWMbIO Neporentyr. Bea cxema mpeoOpa30BaTena BbINOJIHeHa Ha eppuT- 
TPaH3HCTOpHbIX 3IeMeHTaX, MaHHbie M3 YCTpOlCTBa BbIBOMATCA Ha MeyaTb aHasM3aTopa. 
Yctpolictso MoxeT ObITh TakxKe HCHONL30BaHO Ba O6paGoTKH HeTpPOHHsIX cieKTpoB. 


Instalacion para el analisis de los datos de los analizadores multicanales 
1. SISTEMA PARA EL ANALISIS PRELIMINAR DE LOS DATOS DE UN SELECTOR NEUTRONICO 


El sistema descrito permite sumar los datos de una serie de mediciones consecutivas con 
y sin muestra en el haz, deducir el valor del fondo y computar el desplazamiento provocado 
por la muestra y el error estadistico de la medicién. El sistema comprende una “memoria” 
sobre cinta magnética, un dispositivo aritmético numérico capaz de efectuar divisiones, un 
dispositivo analégico-numérico para el calculo de errores y un dispositivo electromecdnico 
para determinar el ruido de fondo. En todos los dispositivos numéricos se utilizan elementos 
de ferrita y transistores, mientras que para los analdégicos se utilizan valvulas electrénicas. 
El sistema trabaja en combinacién con un analizador de 1024 canales. Para la extraccién de 
los datos se utiliza el aparato impresor del analizador. 


2. APARATO PARA EL ANALISIS DE LOS DATOS DE UN ESPECTROMETRO y DE CENTELLEO 

El aparato descrito se utiliza para el andlisis de los espectros de rayos y por el método de 
la matriz. Se examina la posibilidad de utilizar tanto una matriz directa como una matriz inversa. 
El aparato funciona en combinacién con un analizador de amplitud de 128 canales provisto 
de un sistema de ““memoria’”’ que funciona con clave binario-decimal. Los datos de la memoria 
del analizador se pueden almacenar durante el proceso de medicién o suministrarse manualmente. 
La matriz de transformacién se introduce por medio de una cinta perforada. En todo el circuito 
de transformacién se utilizan elementos de ferrita y transistores, y los datos se extraen del 
dispositivo impresor del analizador. El aparato puede utilizarse también para analizar espectros 
neutrénicos. 


CoppeMeHHBI€ MHOFOKaHa@JIbHble aMIUIMTyYTHbIe MW BPeMeHHEIe aHanM3aTOpbI, TpH- 
MeHACMBIC B MCCICTOBAHHAX IKCIEPHMeHTAaJIbHOH ADepHO mu3uKU, NOZBONAIOT ony- 
4HTb Takoe OONbIMOe KONM4eECTBO HHopMaluH, 4TO ee py4Has OGpaborKa BO MHOTHX 
CulyuaaxX ABJIACTCA HEMOMePpHO TpyZoemMKow. Pa6ora no ucnpaBneHuio co3szaBlleroca 
NONOKCHHA BeETeETCA B HACTOALee BPCMA B JBYX HalpaBleHuax. OHO 13 HUX COCTOHT 
B TOM, YTO B CX€MBbI CaMUX aHaJIM3aTOPOB BBOAATCA JONOMHHTeENbHbIe ycTpolicrBa, 
NO3BOJIAIOWIME YMeHbUIMTh O6beM OOpabaTEIBaemMOH HHOpMalluN WIM %Ke UpuBeECTH 
ee k Oonee yyoOHOow oa OOpa6oTtKu dopme. K ycrpoiicrsam Takoro TuMa MO%XKHO 
OTHECTH CXeMbI, BHOCAINMe TompaBKy Ha MEePTBOe BPeMA, CXeMbI, MO3BOIIAIOWMe 
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PerHCTpMpoOBaTb HeKOTOpple (yHKIUMA BXODHLIX BeJIM4MH, HallpymMep, OTHOMIeHHe 
aMIUIMTY OByX HMMYJIbCOB HT. 11. 


Ko Bropomy HallpaBieHuio MOxXHO OTHECTH aBTOMATH3aIIMIO OGpaboTKU AaHHEIX, 
HaKONJIeHHbIX B TaMATH aHanw3aTopa. OHH 43 MeTOXZOB Takoii aBTomMaTu3alnMu 
COCTOHT B HCIIOJIb3OBaHHH YHHBePCasIbHbIX UHpoBbix MaluMH. Hapany c payom 
OCTOMHCTB 3TOT MeETOA MMeCT H CYIIeCTBeHHbIc HeOCTaTKH, CBA3aHHBIe, TIaBHbIM 
o6pa30m, ¢ TpyAHOCTaMu BBOAa GONBUIMX KONMYeCTB HHOpMauHM HM HENOHEIM, B 
OonbUIMHCTBe Ciy4aeB, HCHOIb30BaHHeM BO3MOXHOCTeH MalmMABI. Tlosromy, a Takxe 
B CBA3M CO CHelM@uKo NpOBezeHHA HEKOTOPLIX U3H4eCKHX H3MepeHHii, YacTO BO3HH- 
KaloT 3aTPYHeEHHA C WlaHMpoBaHHem paGoyero BpeMeHH MallIHHBI. 


Alpyroi MeTo aBTOMaTH3alMH COCTOMT B UpHMeHeHHH chelvasI434pOBaHHblx 
BbIMHCHUTEMIbHBIX YCTPOMCTB, CYLIECTBEHHO OoJIee IPOCTEIX, YeM YHUBepCalbHad WEpo- 
Bad MaliMHa. C MOMOLUKIO TaKHX yCTpOMcTB B pAe CIyyaeB MOXHO NOMHOCTHIO IIpo- 
BeCTH BCIO OOpaGoTKy AaHHBbIX, B pate ciyyaeB HACTONbKO YMeHBOIMTh KOIM4eCTBO 
MH@OpMalMH, YTO Nocnepyromasd ee pysHaa OOpadotTKa (HanpuMep, 10 COOTBETCTBYIO- 
MM rpadukam WIM HOMOrpaMMaM) HH BBO B YHUBEPCaIbHy!O MaLIMHy He BLI3OByYT 
3aTpyaHeHHhi. 


B wactosliemM OKNaze KpaTKO OMMCbIBaIOTCA OBa yCTpOolicTBa Takoro Tua aA 
oO6pa6oTkH WaHHbIX B MByX 4YacTO BCTpeyaloWMxXcA MpWMeHeHHAX: chekTpomerpHa 
HeHTPOHOB TIO MeTOZY BpeMeHH NpomeTa U CUMHTUIIALMOHHad y-coeKTpomMeTpua. 


1. Yerpoiicrso a19 npejBapHTetHo oGpaGoTKH WaHHbIX HeTPOHHOrO ceneKTOpa m0 
BpeMeHH MposerTa 


YcrpolicTso npeaHa3HayeHO ANA OOpaGOTKH DaHHbIX, NOMyYeHHEIX Ha HeviTPOHHOM 
cejleKTope B TenOBOH 1 ‘pesoHaHcHolt o6nacTH. OHO NO3BONAeT CYMMHPOBAaTb WaHHbie 
pada MOcneqOBATEIbHIX U3MepeHHit c OOpasljom HM G6e3 OOpa3zua B My4Ke, BLIWHTATb 
(OH HU BHIMHCIATL UponycKaHHe OOpa3iia BMeCTe c ero cTaTHCTHYeCKO OMMOKON. ITH 
onepaliMH ABJIAIOTCA MaTeMaTHYeCKH OYeHb NPOCTbIMH, HO BKIIO"aIOT GonbIIOi 
oObem undopmauun. IlonyyenHbie JaHHbIe UponycKaHsa OpONyckaloT BO MHOTHX cuy4asx 
HONyYeHHe MapaMeTPOB pe3sOHaHCOB CpaBHUTeJIbHO MPOCTLIM ciocoGoM, HallpHMep, m0 
HOMOrpaMMaM THIa HCHOJIb3YeMBIX B [1]. 


Ynpoulennaa dyHkuMoHalbHad cxema upwGopa mpuBegena wa puc. 1. Jlannpie, 
NONYYeHHbIe Ha aHaMsaTOpe, BBONATCA Yepe3 NPOMeKYTOYHIe Perucrpbl Ha MarHATHy!O 
JICHTY, CYMMHPYACh NOKAaHaJIBHO C HAKOIVJICHHbIMH paHee. Tlocue HaKOMMeHHA BCeX TAHHBIX 
BKLOYaeTCA WK OOpa6oTKH, B KOTOPOM NPOKSBOAMTCa BbIMMTaHHe ona, NOKaHaIbHOe 
Hellenve aHHbIx c o6pa3u0M Ha WaHHpIe 6e3 OGpa3ua ANA MOuyYeHHA Wponyckanua T 
M BBIYMCeHHe CTaTHcTHHeckon oumOKu 6 T. TlonyyeHHble pe3ynbTaTbI BBOJATCA Ha 
MarHUTHY!O JIeHTY, OTKy 71a BIIOCII€ACTBUM MOTyT GbITb BbIBeAEHEI B aMATh aHanM3aTopa 
w Ha mewaTb, Lfakn paGortni Bceit cucTeMbI 3aqaeTCa NporpaMMupyIowHM YCTpOiicTBOM, 
He NOKa3aHHBIM Ha puc. 1. 

B kayecTBe CHCTeMbI, WaMATH Ha MarHHTHOM sIeHTe HCNONb3yeTCA CTaHBapTHblit 
MarHuTodoH MATL-8 ¢ 3anMcbio ABYNOJIAPHBIX CHrHasIOB Ha OAHOI WOpoxKe. Ckopoctb 
OBywkKeHHA NeHTbI 760 MM/ceK, WoTHOcTh 3ammcu ~ 1,5 umn/mm. VMcnonb30BaHve 


TakHx TapaMeTpoB enaeT CHCTeMy DOCTaTOWHO HayexHOH WH NOSBONAeT He upenbsA- 
BHATh ocoGnIx TpeGoBaHHit K KaYeCTBY NOKPbITHA NeHTEI. 


Bee uvpospie ycrpoiicTBa BHINONHeEHEI Ha depPUT-TpaH3McCTOPHBIX 3IeMeHTaX. 
VUcnonp3yetca ABOMYHOe KOTMPOBaHHe ¥vcel, BCe APAMETHYeCKHe ONepalHH BbITIONHA- 
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Puc. 1 


@yukuMonabHaa GyOK-cxema ycTpoiicrsa oOpa6oTKH WaHHBIX HeliTpOHHOTO cesleKTOpa 


1 — cuctema namMaTH Ha MarHHTHOM eHTe 

2 — cymmaTop 

3 — cxema neneHna 

4 — mpeo6pa30Batenb UMpoBbIx BeIMYHH B HeMpepbiByve 
5 — MpoMexyTOUHble pervcTpbl Dia xpahHenna HHdopMayHn 
6 — aHann3aTop 

7 — cuctema BbuucneHua omnMOKu 

8 — mpeoOpasoRnatenb HeNpepbIBHbIX BeMYHH B LMpospie 
9 — ycTpolicTBO, 3analollee pacnpegenenue dona 


YOTCA B HOCHeAOBaTeIbHOK dopme. Onepaliwa geneHua MpOMu3sBOQNTCA Ha 4acToTe 
10 xry. Pa6ota cucTrembl CHHXpoHM3yeTCA KBapeBbIM TeHepaTOpOM ui CurHaNaMu Cc 
JICHTHI. 

TIpu sermvcnenuu own“OKH onepaliMu CyMMMpoBaHva, yMHOXKeHHA M H3BJIeYeHHA 
KBafpaTHOTO KOPHA NPOu3BOAATCA B aHajloroBOl dopme, ONnepalHA neneHHA — B 
wudposok dopme. 

Xapaktep pacnpeyzenenua :boua NO KaHasiaM 3aaeTcA Cc NOMOUIbIO rpaduka, WaHHbie 
C KOTOPOTO CUMTHIBAIOTCA C NOMOLIbIO 3IEKTPOMeXaHM4ecKoro YCTpOlictBa co cnermHel 
cuctemoi. AGcosroTHbie 3HaveHHs :bOHa B KaHayle Nosy4aroTca NyTem NepeMHoxKeHHA 
aHHBIX, MOYYeHHbIX pH CYHTLIBAHMA Cc Frpaduka, Ha HOCTOAHHDI KOoppbuuneHT, 
COOTBETCTBYIOWIMi MHTeHCHBHOCTH doua. MHTeHcuBHocrb doa M3MepseTCA C TOMO- 
HWIbIO CilelMasIbHOrO CYeTHOO KaHasia. Bpema, 3aTpawuBaeMoe Ha KaxkUblit AKI paOoTEl 
CHCTeMEI (TlepeyeHb JaHHbIX 43 aHalM3aTopa, WuKN oGpaGoTKH, NepeBow DaHHbIx c 
JIeHTbI B MaAMATb aHasiH3aTopa) cocTaBiaeT 4 MMHYTHI. 


2. Yetpoiicrso 2190 o6paGo0TKH AaBsHbIX COMHTHIAWHOHHOrO \-clleKTpomerpa 


Pacumposka cnekTpoB, NOyYeHHBIX C NOMOLIbIO CHUMHTHJWIAYHOHAOrO y-cHeKTpo- 
MeTpa, ABIIAeTCA CIOKHOU 3aqayei, ocoGeHHO B Ciyyae HeMpepbIBHbIX CHEKTPOB 
y-myyel. Hau6osee stexTHBHbIM MeTOZOM MpeoOpa30BaHHA aMIWIMTYTHbIX pacipene- 
JeHHi, MOYYeHHbIX Ha ONHOKPMCTaIbHOM y-CHeKTPOMeTpe, B 9HEPreTHYeCKHe ABIIACTCA 
WCHOb30BaHHe MpeoOpasoBaHHA Cc KOSPDHUMeEHTAaMHM, 3a7aHHbIMM B Bue YiCNOBO 
Ta6mmubl — Matpuubi [2, 3]. Ho npopenenue Taxoro mpeo6pa30sanua, Wake npu 
HaNW4wH M3BeECTHOM MAaTPHIbI, ABIIAeTCH WOCTATOYHO TpyHOeMKOii 3anayeli. Kpome 
TOTO, TPYHOCMKMMH ABIIAIOTCA H HEKOTOpbIle BCIOMOraTeJIbHbIe ONepalun THA HOPMH- 
POBKH cileKtpa, yYeTa 3aBHCHMOCTH 3¢eKTHBHOCTM CHeKTpOMeTpa OT 9SHepruH 
T. 0. 

Onncaipaemoe ycTpoiicTBO NO3BONseT AaBTOMATH3MpPOBaTb 9TH TIpOuecchl WH Tpo- 
BODMTb WX 3a BPeMA Mopsaka HecKONbKUX MHHYT. IipegycmMoTpeHbI pexumMpl pa6orTsi 
¢ HCIONIb30BaHHeM pAMOi [2] u OGpatHo [3] Marpuy npeoOpasoBpaHua c pasmepaMu 
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Ho 64 x 64. Kpome Toro, ycrpoiicrso no3BONAeT BBOAMTb HoMmpaBky Ha 3pdbeKTHBHOCTB 
CHEKTPOMeTpa H MPOBOAHTh yMHOoKeHve BCeX 3HAYeHM cleKTpa Ha NOCTOAHHBI 
Kooddunenr. 


YcTpoiicTso mpeqHa3Ha4eHo 210 pa6oTnl BMecTe co 128 — kaHanbHbIM aMIJIMTYTHbIM 
aHaJIH3aTOPOM, TIpWyeM ‘CiieKTp B MaMATb aHalM3aTOpa MO2xeT GObITb BBEZeCH Kak B 
Tipouecce NpoBexeHuA DKCHeEpMMeHTa, Tak H BpyaHyto. Kak B aHallM3aTope, TaK Hu BO 
BCeM ycTpoiicrBe oOGpa6oTKH, UPWHATA JBOHMYHO-FeCaATM4HaA cHcTemMa KOAMpoBaHHaA. 


lable MaTpHubl npeo6pa3x0BaHHA WU 3aBMCHMOCTH 9PeKTHBHOCTH cleKTpomMeTpa 
OT 9Hepruv BBOASTCA B ycTpolicTBO Ha Nepdonente (35-mm KuHOMenKa). na Bona 
aHHbIX UCHOb3YeCTCA CTaPT-CTOHHbIM JICHTONPOTMKHbI MeX@HH3M, CKOPOCTb BBOAa 
cocraBiaseT ~ 5 yncem 8B cexyHay. CunTbIBaHHe WaHHbIX C JICHTbI IpOM3BORHTCA PoTo- 
3IeKTpHyecKuM cHoco6om, nopa3pagHo. Jina 3anMcH TaHHbIX Ha JIeHTy MCOOMb3yeTca 
cTaHdapTHbli nepdopatap. 

CoG6crseHHo ycrpoiicrso oOpa6oTKH BKIOWUaeT CHCTeEMbI YMHOXKCHHA, CNOKeHMA, 
XpaHeHHaA TIPOMexKyTOYHLIX HW OKOHYATCJIbHBIX pe3yJIbTATOB HM CXeMy yipaBlleHusn, 
3a0arOlly!o MOCIeAOBAaTEIbHOCTh ONepaumit. CxeMbI BbINIOMHeEHLI Ha tbeppHT-TpaH3uc- 
TOPHBIX 3IeMeHTaX, BCe ONepallMH NpOM3BONATCA B NOcienoBaTeNbHOK dope, 

JIA BEIBOaa WaHHbIX MCMONb3yeTCA CHcTeMa NeyaTH aHasu3aTopa. IIpw ncnonb30- 
BaHHu NpeoOpa3z0BaHuA c NpAMO MaTpHUeh BO3MO%XKeH BLIBO HaHHbIX Talwxke HW Ha 
3uIEKTPOHHO-Jly4eBylo TpyOky aHasM3aTopa. 


OG6mee Bpema OOpa6oTKH NpH MCHONbD30BaHHH MaTpHbI npeobpa3zosanuna 32 x 32 
coctaBiseT ~ 3 MHHYTHI. 
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Abstract — Résumé — Annotagua — Resumen 


Instrumentation of multi-channel counter experiments. Recent experience in instrumenting 
several nuclear physics experiments has demonstrated the feasibility of automating the data- 
acquisition phases of the experiment. Electronic circuits are employed wherever the rate of data 
flow would be slowed down by the use of human operations. Information is selected, temporarily 
stored and then recorded in a form suitable for immediate entry into a computer. Experimenters 
thus freed from the tedious; aspects of data collection can devote their time to studying the 
results of the experiment. 

Potentially useful nuclear events are first selected by the fast (108s) logic part of the 
instrumentation. Circuits performing simple logical functions are packaged in modular form 
for easy grouping into particular coincidence, gating, and mixing configurations. Circuits with 
slower response time (10-6 s: and greater) are used to perform temporary storage and recording 
operations. Automatic test routines are used to initially align the equipment as well as provide 
continuous calibration during the experiments. 

Some of the high-speed circuits are described as well as the methods used to incorporate 
them into a large counting system. 


Appareillage pour expériences utilisant des compteurs multicanaux. Des essais récents portant 
sur instrumentation de plusieurs expériences de physique nucléaire ont montré que l’auto-. 
matisation des phases de l’acquisition des données de l’expérience est possible. On emploie 
des circuits électroniques dans tous les cas ot des opérations manuelles auraient pour effet 
de ralentir ie débit des données. Les informations sont sélectionnées, temporairement mises 
en mémoire et ensuite enregistrées sous une forme qui permet de les introduire directement 
dans une calculatrice. Les expérimentateurs, ainsi libérés de la tache absorbante que constitue 
le rassemblement des données, peuvent consacrer leur temps a l’étude des résultats obtenus. 

Les événements nucléaires pouvant présenter un intérét sont d’abord sélectionnés par le 
dispositif de traitement logique rapide (10-8 s) de l’appareillage. Les circuits utilisés pour les 
opérations logiques simples sont construits sous forme d’unités modulaires de maniére 4 pouvoir 
étre facilement groupés en systémes particuliers: coincidence circuit-porte et mixte. Les circuits, 
a réponse lente (10-6 s ou plus) sont utilisés pour les opérations de mise en mémoire temporaire 
et d’enregistrement. Pour l’alignement initial des circuits et l’étalonnage continu durant les 
expériences, on fait appel aux méthodes de vérification automatique courantes. 

Les auteurs décrivent plusieurs circuits rapides ainsi que les méthodes permettant de les 
incorporer dans des systémes de comptage de grandes dimensions. 


TipuGopnr 219 skcnepHMeHTOB C MHOrOKanaJIbHLIMH CYeTUHKamH. Hosetitmit onbir co3qaHna 
npu6opos 1A NpoBeyenua pawa 9KCHepHMeHTOB NO ADepHOH pu3HKe MOKa3asl BOSMOXKHOCTS 
aBTOMaTH3aLMM a3 NOyaeHMA DAaHHEIX Npw 9THX IKcCHepuMeHTax. Tam, rye cKOpocTb NoTOKa 
HavHEIX 3aMenianach Obl paboTow c UpHMeHeHHeM YeNOBeyeCKOTO TPya, HCHONb3YIOTCA 
3TIeKTPOHHbIe CxeMBI. Mndopmatua BeiGHpaeTca, BPeMeHHO xpaHUTca H 3aTeM perucTpupyerca 
B (opMe, NpwrogHol Wii HemeIeHHOrO BBeEAeHNA B BLIGMCIMTeNbHOe ycTpolicTBo. Takum 
o6pa30M sma, npou3BonauHe SKCHEPHMEHTHI H30aBMIAIOTCA OT CKYYHO paSors 10 cobupaHH1o 
HAaHHBIX MH MOIrYT HOCBATATK CBO€ BPeMA M3YYeHHIO Pe3YNbTATOB OMBITA. 

Moryinwe oka3aTbCA NONeSHIMM ADepHble WaHHbIe Upexye Bcero BbIOUpPAIOTCA 6zIcTpot 
(10-8 cex) norwaecko yactbro npx6opos. Cxemsi, BbIMOMAAIONIMe Mpoctsie sormueckue 
Q@YAKUVMM, NOMEIIEHEI B MOJYIIbHYIO dopmy c uembIo OOneryenuA UX TPYNNTHPOBKM B OCObEIE 
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KOHOurypauMu coplaqeHus, T.e. BpeMeHHO ceeKuuN U CMelMBaHua. Cxempr c Oomee MeqIeHHOH 
oTBeTHO peakunel (10-6 cex wu Gompiie) MCHOMb3YIOTCA OIA BPEMEHHOTO XpaH2HHA M perucTpa- 
uM onepaumi. ABToMaTM4ecKue MporpaMMBI! MCHBITaHHA MPHMeHMOTCA 1A NepBoHavaIbHok 
Halanku OGopyqOBaHHA, a Takoke Mid NpoBpeseHvaA HenpepEIBHOOM KaIMOpOBKH BO BDeMA 
ONBITOB. 

Byzer jaHo onMcaHHe HCKOTOpBIX BbICOKOCKOPOCTHBIX CXEM, a Takoke IIDHMcHACMBIX MCTOAOB 
UIA BKJOYHHA HX B KPYMHBIC BbIYHCIIMTeJIBHbIC CHCTEMBI. 


Instrumentacién de los experimentos con contadores multicanales. La experiencia reciente en 
la instrumentacién para diversos experimentos de fisica’ nuclear demuestra la posibilidad de 
automatizar las fases de toma de datos. Se utilizan circuitos electrénicos en todos los casos 
en que el ritmo de manipulacion de los datos quedaria disminuido por la intervencién del 
hombre. Los datos son seleccionados, temporalmente acumulados, y por ultimo, registrados 
en forma adecuada para suministrarlos inmediatamente a una calculadora. Asi, los experi- 
mentadores, liberados de la fatigosa tarea de registrar datos pueden dedicar su tiempo a 
estudiar los resultados del experimento. 

Los fenédmenos nucleares que pueden ser interesantes son seleccionados primero por la parte 
légica rapida (10-8 s) del equipo. Los circuitos que realizan funciones légicas sencillas se presentan 
en unidades de construccién modular para poderlos acoplar facilmente segin diferentes con- 
figuraciones de coincidencia, bloqueo y mezcladoras. Los circuitos de menor velocidad de 
respuesta (10-65 y mas) se utilizan para operaciones de acumulacién temporal y registro. 
Para el ajuste inicial del equipo y para su calibracién continua durante los experimentos, se 
utilizan procedimientos corrientes de comprobacién automatica. 

Los autores describen algunos de los circuitos de gran velocidad y los métodos aplicados 
para acoplarlos en un gran dispositivo de contaje. 


I. Introduction 


The application of modern electronic data-handling techniques to nuclear physics 
has made it possible to perform complex counter experiments that were impractical 
with former methods. This report will discuss some of the work of the Counting Instru- 
mentation Groups of the Lawrence Radiation Laboratory at Berkeley in this direction. 
As the number of counters per experiment increases, new ways are devised to portray 
and record the greater volume of information. One popular method has been to display 
the output of a number of counters—with appropriate time delays between them—on 
the traces of a multi-beam oscilloscope and to photograph the display. The information 
thus recorded photographically is later read visually a trace at a time, and the necessary 
calculations are made manually or with the aid of an electronic computer. 

During the past four years, several systems using electronic-data handling have been 
developed for use wherever the rate of information flow would be slowed by human 
operations [1]. Some of these operations are recording, selecting and storing data. 
Table I indicates the advance in the number of information channels that have been 
handled as well as the increase in the information-handling rate. Aside from supervising 
the operation of his electronic “slave”, the experimenter thus freed of many tedious 
tasks can devote his time more valuably toward interpretation of the experimental 
results. 


Il. Description of the latest experiment 


The latest experiment performed by the Segré Group at Berkeley on pion-pion 
scattering illustrates the type of problem that can be accommodated by automated 
data-acquisition equipment. A beam of 1-to-2-GeV/c pions from the Bevatron was 
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TABLE I 


ANNUAL PROGRESS IN INFORMATION-STORAGE FACILITIES BY COUNTING 
INSTRUMENTATION GROUPS AT LAWRENCE RADIATION LABORATORY 


| ~ i . Method of Method of data 
No. data”channels | Maximum No. events | . . a 
Y F fs ! information transmission to 
ear available stored in 0.1s storage computer 
1958 35 | 1 flip-flop punched cards 
| 
| 1959 40 10 | core storage paper tape { 
1960 180 10 | core storage paper tape 
4 . 
1961 | 210 50 | core storage magnetic tape 
| 
= sl | ai — ie l nee neaabes 


focused upon a liquid-hydrogen target. About one in 10° of the pions in the beam 
collided with a proton in such a way as to produce a second pion and a low-energy 
neutron. These three particles emerged from the target and were detected by a large 
array of scintillators. The array was composed of 84 separate elements fitted together 
to form a x steradian section of a sphere 5 ft in radius centred upon the target. A rear 
view of these counters is shown in Fig. 1. The array intercepted all particles emitted 
in the angular interval from 4 to 60 deg with respect to the beam. Twelve additional 
counters were arranged to extend the intercepted solid angle seen by the beam, and 
seven other counters provided additional means of identification. There were 103 counters 
in all. Since some counters were used to detect both pions and neutrons, a total of 
187 information channels were employed. The maximum number that could have been 
handled was 210, a limit imposed only by the size of the present core planes. One 6810A 
or 7046 multiplier phototube was coupled to each scintillator element. Thus the co- 
ordinates of the three particles were measured by noting which of the counters generated 
an output. The energy of the neutrons was found by measuring the time between the 
occurrence of the prompt-pion phototube signals and the later neutron signal. With 
this information, a computer calculated from the kinematics of the event the physically 
possible events and separated them from the “false” events composed of background 
signals. : 


Til. Electronic circuits 


The instrumentation for a previous experiment has already been reported [2—7]. 
The counting equipment for the recent experiment may be divided into five sections: 


(1) The nanosecond circuits that perform the system logic by separating the desired 
events from the background; 


(2) The co-ordinate detectors that measure the spatial positions of the three particles 
in each event; 


(3) Chronotron circuits to detect the velocity of the neutron from its time-of-flight; 


(4) A buffer core-storage unit to temporarily remember the selected events and then 
record them on magnetic tape; 


(5) Test and monitoring circuits that allow the experimenter to examine and test the 
operation of the system. 


An over-all block diagram is shown in Fig. 2. 
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Fig. 1 
Rear view of counter array with signal shapers and test equipment in foreground 
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Fig. 2 
Block diagram of instrumentation for a multi-channel counter experiment 
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IV. Tunnel-diode discriminator 


Extensive use has been made of a tunnel-diode discriminator described by Kerns [8]: 
It provides an output pulse of uniform delay after the scintillation pulse and nearly 
uniform height for wide ranges of input amplitude and counting rate. It is much easier 
to perform subsequent operations when these “standardized” discriminator pulses are 
used. Between the phototube and discriminator, a clipping stub differentiates the signal 
to produce first a negative and then a positive-going waveform. The tunnel diode is 
biased to trigger near the zero crossing on the backswing of the signal. In time, this 
point is quite independent of amplitude. By proper selection of clipping-stub impedance 
and length, the variation in discriminator delay has been reduced to less than 0.5 ns 
over a fifty-to-one range of input amplitude. The tunnel-diode is placed in one branch 
of a balanced bridge as shown in Fig. 3. Resistors R1 and R2 of the bridge are made 
to differ by a value that approximates the tunnel-diode positive resistance characteristic. 
No output signal is produced at transistor Q2 until the circulating current in the bridge 
is sufficient to overcome the bias and regenerate the tunnel-diode. Thus feed-through 
from small pulses is minimized. 
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Fig. 3 
Schematic diagram of tunnel-diode discriminator 


V. Nanosecond logic cuircuits 


The selection of true events from the great background of unwanted interactions 
is accomplished in two steps. Part of the selection is done by the ‘‘fast-logic” circuits 
which respond to pulses in the few-nanosecond range. The final selection, however, 
is done by the computer. The fast-logic circuits perform functions such as gating, 
inhibiting, signal mixing, and splitting. Typical of these circuits are the signal splitter 


g* 
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shown in Fig. 4 and the signal mixer of Fig. 5. The signal splitter can be made to have 
any reasonable number of outputs without interaction between them; the two-channel 
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Fig. 4 
Schematic diagram of two-channel signal splitter 
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Fig. 5 
Schematic diagram of two-channel signal mixer 
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splitter is shown for illustration. The output rise time is 5 ns for a step-function input. 
The gain is 0.8, and the maximum output amplitude is + 1 V or —2V. 

In the same manner, the signal mixer is flexible with regard to the number of channels 
that can be used. The two-channel mixer produces an output pulse having a 4-ns rise- 
time for a step signal applied to either input. The unit illustrated is suitable for negative 
pulses; by substituting PNP transistors and reversing the supply potentials, it is suitable 
for positive signals. 

The monitor output in each case is isolated by an emitter follower; this isolation 
makes the normal output almost independent of the monitor loading. 

To preserve signal rise-times between units, special care was given to the circuit 
packaging. A modular unit was desired that was inexpensive, used printed-circuit 
techniques, allowed interconnection of nanosecond pulses with coaxial cables, and 
provided connections for power and slow pulses through printed-circuit connectors, 
The resulting unit is shown in Fig. 6. It is available in a number of different widths 
and panel sizes. 


Fig. 6 
Shielded package for nanosecond circuits 


VI, Chronotron 


The determination of the neutron energy by finding its time-of-flight is typical of 
measurements that lend themselves to automated readout. The interval of interest is 
from 11 to 43 ns. A nine-channel, parallel-access chronotron compares the flight time 
of prompt pions with the slower neutrons. The 32-ns interval is divided into seven 
periods, with two additional channels. One of the latter channels indicates neutron 
pulses arriving too early, and another, those arriving too late. A block diagram of the 
chronotron is shown in Fig. 7. The splitting transformer divides the reference signal 
into nine similar pulses. Each of these is delayed by a different amount and compared 
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to the neutron signal in a diode sampling circuit. The appropriate output among the 
nine is indicated by the sampling circuit having the greatest output voltage. A diode 
matrix converts the signals to a binary-coded output for storage purposes. A test routine 
is fed through the chronotron circuits whenever they are not used for actual time 
measurement. Fig. 8 shows the test routine simultaneously presented for four chronotrons. 


9 ~ CHANNEL 
ADDING TRANSFORMER 


AMPLIFIER 
AND 
SIGNAL | SHAPER 


9-CHANNEL 
SPLITTING 
TRANSFORMER 


BLOCKING 
OSCILLATOR 


SIGNAL 


BINARY 
CODING 
MATRIX 


To 
BUFFER 
STORE 


BLOCKING 
OSCILLATORF, 


START 


RAMP RAMP_ GATE 
GENERATOR 


STOP GATE 


Fig. 7 
Chronotron block diagram 


Fig. 8 
Display of binary-coded test signals of four chronotron channels 
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Each of the available time intervals is displayed in sequence as a binary number from 
top to bottom on the cathode-ray tube screen. During the experiment the chronotrons 
have maintained their timing to within 0.5 ns over a period of 24h. 


VII. Memory and readout 


The buffer store provides a temporary memory for random events until they can be 
transferred in an orderly fashion to a permanent memory. In this experiment, a 2100-bit 
buffer store transfers the co-ordinate and timing data from each event on to magnetic 
tape for permanent record. For co-ordinate information, one ferrite core is associated 
with each information channel for each event recorded. The timing information uses 
a binary-coded octal system. After ten events are stored, the buffer store is read out 
onto magnetic tape, and the store is again ready to accept events. Since the total starting 
and stopping of the tape transport requires only 10 ms, several groups of ten events 
each can be recorded during a 0.1-s Bevatron beam burst. The magnetic tape is recorded 
in a manner that allows immediate entry to an IBM 704 or 709 computer for analysis. 
The logic circuits for the core store are designed for microsecond response times. For 
these rise-times, circuits can be constructed on printed-circuit boards and housed in 
plug-in frames. A typical unit is the 1-Mc scaler flip-flop; a schematic circuit diagram 
is shown in Fig. 9. A printed-circuit board containing two flip-flops is shown in Fig. 10. 
This unit can be used either as a binary scaler or a flip-flop by simply inserting or 
removing one link connection (shown near Q-1 in Fig. 9). As a scaler, the unit circuit 
operates at rates up to 10° counts/s for input signals greater than 6 V and a rise-time 
less than 0.75 ps. The saturated output stages will drive a load shunted by a 250-pF 
capacitor and give a 0.1-us rise-time and a 0.4-ys fall-time. 


VII. Test routines and monitoring 


With the automation of the data-acquisition phases of an experiment, it is imperative 
that error-detection methods be speeded up. Otherwise, an excessive amount of time 
is consumed repairing even a minor system malfunction. In two recent experiments, 
test routines were evolved to initially align the system, calibrate it while it runs, and 
rapidly localize threshold drift or catastrophic failures. The monitoring programme 
feeds light or electrical test pulses into several points of the system. This allows one to 
compare actual operation with the desired response. 

The most comprehensive test very nearly simulates the response of the entire system 
to nuclear events without the Bevatron even operating. Light pulses injected with 
appropriate timing into the scintillation counters check the operation of all the succeeding 
instrumentation including the calculations made by the computer. Field-emission light 
pulsers developed by KERNs ef al. are mounted on the front surface of the scintillation 
detectors [7]. They emit 1-to-2-ns pulses with less than 0.2-ns jitter. Up to 64 light pulsers 
can be operated at one time. 

Operation of the equipment following the phototubes can be checked by injecting 
electrical test signals at the inputs of the tunnel-diode discriminators. A test pulser 
has been constructed that generates signals at two levels: 80% and 110% of the normalized 
pulse amplitude for each channel. At the 80% level none of the counter channels should 
indicate an output, but at the 110% level all of the channels should have triggered. 
An alarm indicates the failure of any channel to trigger properly. The test-pulser signal 
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Fig. 10 
Printed-circuit board containing two 1-Mc flip-flop circuits 


is split into a number of channels by a passive distributor shown in Fig. 11. To keep 
the 10-ns pulses from being shorted out by the series-parallel connections shown, ferrite 
cores are used for isolation. The rapid recognition of a large mass of information is 
always difficult. A display panel has been used here to observe data during the actual 
running of the experiment as well as test patterns during error checking. The panel 
consists of an array of incandescent lights arranged in the same spatial pattern as the 
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Fig. 11 
Schematic diagram of test-pulse distributor. Each group of four miniature 50-Q cables makes 
four turns around a toroid 
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scintillation counters in the experiment. One set of lights is for the pion signals, the 
other for the neutron signals. While the whole data-acquisition system can store many 
events per Bevatron beam burst, an observer has difficulty in remembering more than 


Fig. 12 
Light display panel 


INSTRUMENTATION OF MULTI-CHANNEL COUNTER EXPERIMENTS 139 


one event at a time. Thus it was decided to display only every tenth event in any burst. 
The last event is displayed continuously until the next Bevatron pulse. 

The display panel is arranged to show (a) events going into the buffer store, (b) events 
recorded on magnetic tape, or (c) the difference between conditions (a) and (b). The 
first condition checks the circuits ahead of the buffer store, the second condition checks 
the entire system, and the third allows one to check the performance of the store and 
tape transport. : 

The light bulbs (General Electric (United States) No. 344) glow brightly at 12 V 
and draw about 20 mA; they glow very dimly at 5 V and draw about 9 mA. Circuits 
are arranged so that binary I is the bright condition, binary 0 the dim condition. Both 
of these conditions can be distinguished easily from an open circuit or a defective bulb, 


Fig. 13 


View of part of the fast-logic circuits with the coincidence-discriminator units, buffer store, 
test and control circuits, and magnetic-tape transport 


IX. Conclusions 


The complexity of recent counter experiments has demanded new ways of gathering 
experimental data. We believe that the methods used here are a worthwhile approach 
to an automated data-acquisition system. 
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The use of modular circuit packages provides the needed flexibility for performing 
a wide variety of experiments with a limited number of components. 


The general usefulness of semiconductor components for counting instrumentation 
has adequately been demonstrated. Except for the detectors and a few electron tubes 
in amplifiers and monitors, all of the active components are solid-state devices. Over 
4000 transistors are used in the system described. In regard to reliability, the entire 
system has run for several days without requiring an unscheduled maintenance period. 
The savings in rack space, power dissipated as heat, and operating time due to high 
reliability have shown solid-state devices to be superior to their thermionic counterparts. 


Success with our error-checking techniques shows that an adequate test routine 
makes a great saving in the accelerator time needed for any experiment. Further savings 
can be made in initially setting up an experiment by providing test routines to check 
individual circuits and subsystems as they are put into operation. 


We believe that data-acquisition systems are in their infancy and that, even today, 
systems involving many more channels and larger storage capacity are entirely feasible. 
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DISCUSSION 


C. Infante (Italy): I have noticed a certain number of ac couplings in your high- 
speed circuitry. Do you get into trouble with base-line shift there? 


D. A. Mack (United States of America): The counting rate here was so slow that 
the base-line shift was not a great problem. The number of events expected was so 
low-—about 25 per bevatron pulse—that we allowed a dead time in the core storage unit 
of about 30 us. The coincidence gate can operate to 10’ pps on one input, when there 
is no signal on the other input, and still give zero output. In other words there is no 
feed through at up to 10 Mc. 


HODOSCOPE PERFORMANCE AND DESIGN 


A. BOYARSKI AND D. RITSON 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS. 
UNITED STATES OF AMERICA 


Abstract — Résumé — Ansotayva — Resumen 


Hodoscope performance and design. The performance and circuitry of a hodoscoped array 
of 200 counters used on an experiment at Brookhaven is described. The circuitry, transistors, 
and phototubes all showed remarkable long-term stability. The lifetime of the transistors was 
0.5 x 108 h, and only one out of the 200 phototubes deteriorated after six months use. A simple 
set of diagnostic routines checked performance of the apparatus in half an hour. The data was 
recorded on film, and the film was read with a “‘programmed spot” scanner into the M.I.T. TXO 
computer. One hour is required to read a 400-ft roll of film by this system. 

A simple modification has been made to the apparatus whereby the data is stored in parallel 
into a shift register and then read out serially onto magnetic tape. Such a system writes a 300-bit 
event on to tape in 1 ms and obviates the necessity for buffer storage. 


Construction et comportement d’un odoscope. Les auteurs décrivent le comportement et le 
circuit d’un odoscope de 200 compteurs utilisé 4 l’échelon du laboratoire 4 Brookhaven. Le 
circuit, les transistors et les photetubes se sont révélés extrémement stables sur une longue 
période. Les transistors ont fonctionné 0,5- 108 heures et un seul des 200 phototubes a été 
endommagé aprés six mois d’usage. Grace 4 un programme de contréle systématique, on a 
pu vérifier le comportement de Yappareil en une demi-heure. Les données ont été enregistrées 
sur films et le film «lu» 4 l’aide d’un télédecteur 4 spot programmé dans un calculateur 
M.LT. TXO. Ce systéme permet de lire plus de 1,20 m de pellicule en une heure. 

On a modifié l’appareil d’une maniére simple qui permet de stocker les données en paralléle 
dans un registre 4 décalage et de les lire, par séries, sur une bande magnétique. Ce systéme permet 
d’écrire un événement de 300 chiffres binaires sur la bande en un milli¢me de seconde et d’éviter 
de recourir 4 Ja mémoire intermédiaire. 


JlemoncTpauua H KOHCTpyKuHa rogzockona. JIaeTcH onucaHMe pa6oTHI H CXeMbI rozocKOnHOK 
CHCTeEMbI H3 JBYXCOT C¥YeTUHKOB, DpHMeHeHHOM BO BpeMa ObITa B bpyxxeBeHe. Cxema, 
TPpaH3HCTOphI HW QOTOSNeMEHTEI OOHAPYXMJIM CKIIFOUMTEIbHYIO UPONOJDKUTESIBHOCTE 
gelicTBua. Bpema xv3HH NoNyMpoBOAHUKOBOrO Tpuoga 0,5 x 108 yacoB, H TOMbKO O7HH OTO- 


gmiemMeHT 43 200 w3HOCHIICA Tocle TpexMecs4yHOrO uCHONb30BaHuA. IIpocrod paq gMarHocTu- 
YeCKUX OCMOTPOB MO3BOMAeT UpoBepaTs pa6oTy annapata yepe3 KaxKabie Nom4aca. Jlanunie 


3alMCbIBaroTCA Ha WICHKY, KOTOpad YTaeTCA C NOMOLIbIO NepponpoBaHHOroO pa3sBepTbiBaTeA 
Ha BbIYMCIMTeMbHOK MawiMHe TXO Maccayycetckoro TexHomormyeckoro wHcTuTyTa. Ilo 
3To cucteme tpe6yetTca onuH yac, ¥ro6nI npowtTaTb 400 dyToB mieHKu. _ 

JlenaeTca Mpoctoe w3MeHeHHe B allllapaTe, MOcpeACTBOM KOTOPOrO AaHHbIe pa3sMellaroTca 
TapasuieIbHO B pervucTpaTope CMeLICHHA U 3aTeEM CEPHAMH 3a4HTHIBAIOTCA Ha MarHATOPOHHY!O 
jenty. Takaa cucrema 3amucprBaer 300 3HaKOB Ha IeHKY B OMHY MMJIMCEKYHOY M yCTpaHseT 
HeoOxogMMocTE OydbepHoro xpaHenuas. 


Disefio y caracteristicas de funcionamiento de un hodoscopio. La memoria describe las 
caracteristicas de funcionamiento y los circuitos de un sistema de 200 contadores dispuestos 
para hodoscopia, que se ha empleado en Brookhaven para fines experimentales. Los circuitos, 
los transistores y los fototubos se mostraron sumamente estables a largo plazo. La vida de los 
transistores fue de 0,5 . 108 horas, y sdlo uno de los 200 fototubos se estropedé a los 6 meses 
de funcionamiento. El correcto funcionamiento del aparato es comprobado en media hora 
por una sencilla serie de rutinas de diagnéstico. Los autores registraron los datos en una pelicula 
que fue leida por un barrido programado en la calculadora TXO del Massachusetts Institute 
of Technology. Para leer 400 pies (122 metros) de pelicula por este sistema, se precisa una hora. 
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Se ha introducido una pequefia modificacién en el aparato, que ahora almacena los datos 
paralelamente en un registro de desplazamiento y los pasa en serie a una cinta magnética. Este 
sistema escribe en cinta un suceso de 300 bits en un milisegundo y hace innecesario el almacenaje 
intermedio. 


A group of physicists (A. Boyarski, G. Loh, S. Ozaki, D. Ritson, R. Weinstein) 
recently finished an experiment at Brookhaven Nat. Lab. with a counter system of 
200 scintillation counters. The apparatus was under test at voltage for about six months. 

Our experience can be summarized as follows: 

(1) Phototubes were run at 1000—1200 V. Sixty 6655 As (ten-stage 2-in tube) and 
130 6199 S (ten-stage 1-in tube) were used. Only one 6199 was replaced. All 6655 As 
were acceptable, about 20 of the 6199 S were rejected. 

(2) Two thousand transistors, and one thousand diodes were used. About one 
transistor was replaced each week. 

(3) Commercial-computer building blocks were used for all control functions, gating, 
and delay generating. It was found easy to assemble in a day complicated circuitry 
which functioned according to makers specifications. No difficulties or failures were 
encountered. 

(4) Data was recorded on strip-driven Agfa Isopan Recordak film. A 200 us, 90-V 
flash of a 6977 Amperex-transistor indicator-light photographed at 6 ft at f1.5 gave 
an excellent record. The subsequent records were suitable both for visual and computer 
(TXO programmed spot) analysis. A 400-ft roll of film could be read in one hour. 

(5) We have subsequently modified the apparatus so that an “‘event’”’ can be stored 
in parallel on to a shift register (100 kc) and read out serially on to magnetic or paper 
tape. 

Fig. 1 shows schematically the arrangement. Fig. 2 shows the circuit used for the 
experiment with flip-flop storage. Fig. 3 shows the modification necessary to convert 
the line of flip-flops to a shift register. A 300-bit event can be recorded in 1 ms. 
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Fig. 1 
Diagram of shift register storage 
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Shift register connections 


The performance of the apparatus was perfectly satisfactory. The 6977-transistor 


indicators permitted visual checking of the condition of the apparatus and allowed 
very flexible testing. Our main difficulty was the sheer ‘“‘bulk” of the very large amount 
of cabling used. 
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DISCUSSION 


A. Roberts (United States of America): You remarked that you intended, in a 
subsequent device, to use a shift register memory: rather than a core memory. Is this 
simply because of the convenience? I think it would be considerably more expensive. 


D. Ritson (United States of America): In this particular case there is essentially 
no expense involved. We have an apparatus in which each channel has one flip-flop, 
and to turn a flip-flop into a shift register just requires the addition of four diodes and 
a capacitor or two. I think with every apparatus of this type the information is put 
into a flip-flop and it is quite a simple matter to hook all the flip-flops up into a shift 
register configuration. We actually have done this and have tested the apparatus and . 
eliminated all the problems which one encounters in a shift register design. 


A. Roberts: Do I understand then that you are recording the events directly on tape? 


D. Ritson: The last experiment we did was last summer. The nature of our next 
experiment will decide whether we record on magnetic tape, on paper tape, or on film. 
If we have an extremely low rate of events we will record on paper tape or on film and 
if we have a very large number of events we may record on magnetic tape. 


A. Roberts: I was worrying about the time required to record a single event. 


D. Ritson: The time to record a single event is just 1 ms. You can write 300 bits 
of information on IBM tape in a millisecond. Does this answer your question? 


A. Roberts: I am not sure, because I do not understand precisely what you are planning 
to do. 


D. Ritson: You have 300 bits of information in the form of a word, and these bits 
of information can be split into six channels, each of 50 flip-flops, in other words 
six words 50 bits long. Now, with a clock these can be driven out, at a rate of one bit 
every 20 us, to be recorded on tape. In 1 ms therefore, one can record. essentially the 
whole 300 events. This means that in a standard accelerator you can record 200 events, 
which I think is probably more than anyone wishes to record in the machine cycle. 


G. L. Miller (United States of America): How much trouble did you go to in selecting 
the computer building blocks? Did you go through a number of manufactures? Do 
you think you were just lucky to get this reliability or do you think most manufacturers 
would achieve such a standard? 


D. Ritson: I think most of them achieve this sort of figure. We actually used a local 
firm founded by some of the group at Lincoln who had developed the TAL computer 
and the building blocks associated with it. Their building blocks were very meticulously 
engineered and built. We were recommended by the local electrical engineering depart- 
ment to use these blocks, and they proved completely satisfactory. 
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COMMUTATEUR ELECTRONIQUE 
AUTOMATIQUE 
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Abstract — Résumé — Axnyotanua — Resumen 


An automatic electronic switch. The paper describes an electronic switch which, on the order 
of a single pulse, successively selects a given number of channels. The switching time for all 
channels may be the same, or may vary according to channel; one or more positions may be 
maintained by external control for an indefinite length of time. 

This circuit is very flexible in programming; it can if necessary act as a counter and as a pulse 
generator. 

It is convenient to limit the number of switched channels to ten, but this can be greatly 
increased by a general extension of the system. 

Applications of an apparatus for transferring the contents of decimal scalers to a printing 
machine are described; this machine employs the sequential series method and with a binary- 
decimal scale converter which operates by summing the weights of the different binary digits. 


Commutateur électronique automatique. On décrit un commutateur électronique qui, sur 
Yordre d’une impulsion unique, sélectionne successivement un nombre déterminé de voies. 
La durée de passage sur chaque voie peut étre unique ou prendre différentes valeurs selon les 
voies; une ou plusieurs positions peuvent étre conservées pendant une durée indéfinie déterminée 
par commande extérieure. 

Ce circuit est d’un emploi trés souple-pour déterminer un programme; il accomplit éventuelle- 
ment les fonctions de compteur et de générateur d’impulsions. 

Le nombre de voies commutées, qu’il est commode de limiter 4 dix, peut toutefois étre étendu 
trés au-dela par une généralisation du systéme. 

Des applications sont décrites concernant un appareil de transfert des contenus d’échelles 
décimales sur machine imprimante par la méthode série-séquentielle, et un convertisseur binaire- 
décimal procédant par addition des poids des différents chiffres binaires. 


ABTOMATHYCCKAi 91eKTPOHHBI nepeKmouatemb. JJaeTcH omvcanve aJleKTPOHHOrO Nepexmto- 
“aTeJIA, KOTOPBIH NO Mpuka3y ONMHOYOTO MMITyIbCa MocneqOBAaTebHO MepeKmoyaeT ompe- 
yeneHHoe YHcNO KaHasloB. [lpoqomKUTeNbHOCTh Mepexoa Ha KaxkKObI KaHan MOxeT G6BITb 
OAMHAKOBO WIM Pa3/IMYHOM B 3aBHCHMOCTH OT YACNa KaHaJIOB; OHO HIM HECKOIbKO NONOKeHUL 
MOxeT GObITb COxpaHeHO B Te¥eHHe HeONmpeyeneHHOrO Hepvona, oNpeyensemoro BHeEWIHHM 
yupaByieHvem. 

QTa cxema B ynoTpeGjeHuM ABNINeTCA O¥eH rvGKOK AA oMpezeneHMA BporpaMMEL; ona 
BBIMOJHACT B CHy¥ae HEOOXOMHMOCTH YHKUAM CYeTYMKa Mw TreHepaTopa HMMYJIBCOB. 

Yucno nepekstoyaeMpix KaHalloB, KOTOpoe Bcero yao6nee orpanMunTs 10, MoxeT 6BbITb, 
OMHaKO, 3Ha4YUTENbHO yBeNMYeHO 3a CueT OGOGILIEHHA CHCTeMBI. 

OnucanHbie NpuMeHeHua KacaroTca anmapata nepeqayw coszepxaHHuit DecaTM4HBIX CxeM Ha 
NevaTHYiO MALIWHy CepHHHO-MOCeAOBaTebHbIM MeTOJOM, HU ABOMYHO-AecATH4YHOrO Mpeobpa- 
30BaTeA, WelHCTByIOWero MO NpHHUMNY CNO*KeHHA BECOB pa3M4HbIX DBOMYHEIX yMp. 


Conmutador electrénico automatico. La memoria describe un conmutador electrénico que, 
activado por un solo impulso, selecciona sucesivamente un numero determinado de canales. 
La duracién del paso puede ser una sola para todos los canales o adquirir valores distintos 
segun el canal; una o mas posiciones se pueden conservar durante un tiempo indefinido deter- 
minado por mando exterior. 
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Este circuito encuentra aplicaciones muy diversas en la determinacién de un programa; 
eventualmente trabaja como contador y como generador de impulsos. 

Por motivos de comodidad, es conveniente limitar a diez el niimero de canales conmutados, 
pero generalizando el sistema, este numero se puede ampliar mucho mas. 

La memoria describe aplicaciones a un aparato de transferencia del contenido de escalas 
decimales a una maquina de imprimir por el método serie-secuencial, y a un convertidor binario- 
decimal que actia por adicién de los pesos de las diversas cifras binarias. 


Introduction 


Le présent circuit de commutation, primitivement congu pour la réalisation d’un 
convertisseur binaire-décimal, s’est révélé trés utile pour la réalisation de certains 
automatismes. 


Sous sa forme la plus simple, il permet, 4 partir d’une seule impulsion bréve, de 
commuter séquentiellement un nombre déterminé de circuits 4 un rythme unique; de 
nombreuses variantes permettent toutefois son application pour des besoins plus 
compliqués. . 

Quoiqu’il soit capable d’accomplir simultanément plusieurs fonctions, qui autrement 
devraient étre assumées par plusieurs circuits, sa simplicité relative est un gage de 
sécurité de fonctionnement. 


I. Exposé du fonctionnement 


Un commutateur électronique 4 7 positions (7 > 2) comporte une boucle de réaction 
qui permet d’appliquer 4 son circuit de commande, aprés un retard 7, des impulsions 
bréves engendrées au cours de 2 — 1 commutations parmi les n commutations possibles; 
le circuit est en outre susceptible de recevoir des impulsions bréves de provenance 
extérieure, que nous appelerons «ordres» de commutation (fig. 1). 


CIRCUIT 


BOUCLE DE 
REACTION 


CIRCUIT DE DIFFERENTIATION 


Figure 1 
Schéma de base. 


Si l’on suppose que le commutateur est en cours de fonctionnement, le passage d’une 
position quelconque & a la suivante (kK + 1) procure une impulsion a;,,,, qui passe 
en b, apparait en c avec un retard T et provoque la commutation de la position k + 1 
a k +2. Le processus se reproduit identiquement, jusqu’a ce que l’impulsion a,_, 
apparaisse en c et provoque la commutation sur la position «O». Cette position ne 
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faisant pas partie de la boucle de réaction, le commutateur peut alors la conserver 
indéfiniment; il la quitte seulement a la suite de l’application d’une impulsion d’ordre, 
auquel cas le cycle complet se reproduit. 

La figure 2 indique schématiquement les formes de signaux dans le cas ot n = 10. 


$$$ $$$ $$$ ______ 2 (ORDRE) 


a 6 5 a aa aa (e+a,+a 
+n) , 
‘0 


Figure 2 


Formes de signaux pour n = 10 (les sorties du commutateur sont caractérisées par une tension 
positive). 


Il est évident que l’organe provoquant le retard peut étre placé sur la connexion d 
au lieu de Pétre entre 6 et c, ce qui a simplement pour effet de décaler la premiére 
commutation d’un intervalle de temps T (voir fig. 4). 


I. Propriétés du circuit 


Le circuit précédemment décrit posséde les propriétés suivantes: 


1° C’est en quelque sorte un monovibrateur généralisé. Partant d’un circuit an 
états stables, on aboutit en effet, 4 un circuit a un état stable et n — 1 états quasi stables. 
Le méme résultat pourrait étre obtenu d’une maniére beaucoup moins avantageuse 
en couplant »—- 1 monovibrateurs en série. 

2° On peut encore considérer que ce circuit constitue un autocommutateur, en ce 
sens qu’un seul signal suffit 4 déclencher toute une séquence de commutations. 

3° En outre, il peut étre utilisé pour obtenir un train de signaux comportant n ou 
n— 1 impulsions, selon que l’on préléve ces impulsions en c ou en d. Cette fonction, 
a elle seule, peut en justifier l’emploi en raison de la grande sécurité de fonctionnement 
et de la simplicité qu’il offre. On utilise en effet habituellement un générateur d’impulsions 
périodiques déclenché, que l’on arréte soit au moment ot le nombre d@’impulsions 
désiré est obtenu, soit a l’aide d’un dispositif 4 relaxation déterminant un intervalle 
de temps convenable. Si l'on veut obtenir la méme sécurité de fonctionnement qu’avec 
le circuit de la figure 1, on doit choisir la premiére solution, ce qui conduit a mettre 
en jeu les circuits suivants: un oscillateur déclenché, un circuit-porte, un bistable de 
commande et un compteur d’impulsions. 


On remarquera dans le schéma de la figure | l’absence de circuit de remise 4 zéro 
du commutateur, la position de repos étant automatiquement atteinte en fin de cycle. 


Les sorties Sy a S,,-,, peuvent étre utilisées 4 des fins diverses. 
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Il. Réalisation du circuit 


Le commutateur électronique est d’un type quelconque: commutateur en anneau, 
tube compteur décimal ou duodécimal a sorties multiples (ex. dékatron), tube com- 
mutateur spécialement concu pour cette fonction (ex. trochotron). Pour des raisons 
de simplicité, nous donnerons la préférence aux tubes commutateurs, quoiqu’ils 
restreignent le choix du nombre de positions; nous nous placerons dorénavant dans le 
cas de tubes décimaux. 

L’organe de retard peut étre d’un type également quelconque; |’emploi des lignes 
4 retard est limité pratiquement au domaine inférieur 4 10 vs. La plupart du temps, 
on utilise un monovibrateur suivi d’un circuit différentiateur. Dans ce cas, on remarque 
qu’entre le retour a l’état de repos et le déclenchement de ce monovibrateur, lintervalle 
de temps, principalement déterminé par le temps de commutation, peut étre insuffisant; 
il est alors nécessaire de coupler deux monovibrateurs en série, chacun ayant pour 
role de déterminer la moitié du retard. 

Les circuits de différentiation et de mélange (circuits «OU») sont tout a fait classiques. 
On peut obtenir un dispositif plus économique en transformant selon la figure 3a les 
circuits de sortie du commutateur représenté par la figure 1. 


| commurarcun ELECTRONIQUE 


CIRCUIT 
6) DE DIFFERENTIATION 


ai 


o 12 3 45 67 8 9 0 


Figure 3 
Différentiation et mélange des signaux. 
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IV. Variantes du schéma de base 


De nombreuses variantes du schéma primitif peuvent étre imaginées qui, utilisées 
conjointement, peuvent offrir des combinaisons en nombre presque illimité. 


a) REALISATION D’UNE SEQUENCE COMPLEXE 


Si les durées d’arrét doivent étre variables selon les positions, mais ont toutefois 
des valeurs communes, il est possible, partant du schéma de la figure 1, d’utiliser plusieurs 
circuits «OU» et plusieurs retards, et de réaliser les connexions convenables pour obtenir 
la séquence désirée. 


b) COMMUTATION SUR UN NOMBRE DE POSITIONS INFERIEUR AU NOMBRE PREVU SUR LE 
COMMUTATEUR 


Il est toujours possible d’utiliser un nombre restreint de sorties. Toutefois, afin 
d’éviter une perte de temps, on peut accélérer le passage sur les positions inutilisées 
en appliquant la méthode indiquée en 1. 

Le probléme se simplifie si le nombre de positions 4 commuter est un sous-multiple 
du nombre de positions du commutateur. Pour obtenir 5 positions utiles 4 l’aide d’un 
tube commutateur qui en comporte 10, il suffira de relier ensemble les positions 0 et 5, 
i et 6, ..., 4 et 9. Un tube duodécimal offre des possibilités encore plus larges. 


c) COMMUTATION SUR UN NOMBRE DE POSITIONS SUPERIEUR A CELUI PREVU SUR LE 
COMMUTATEUR 


En se placant toujours dans le cas de commutateurs décimaux, il est possible d’en 
utiliser plusieurs en série, 4 condition de ménager sur chacun d’eux une position 
supplémentaire de repos. On peut ainsi commuter sur 18 ou 27 positions différentes. 
Au-dela, il est préférable d’utiliser la méthode décrite ci-dessous. 

A laide d’une matrice de 10 x 10 coincidences, il suffit de deux commutateurs pour 
obtenir 100 positions. La commutation décrite dans le premier paragraphe se généralise 
selon la figure 4. On voit que le retard introduit dans la boucle du second commutateur 
est déterminé par le cycle de fonctionnement complet du premier. 

Cette généralisation s’étend 4 un nombre quelconque de commutateurs. 


d) CREATION D’UN OU DE PLUSIEURS ETATS STABLES 


Il est naturellement possible de remplacer un ou plusieurs des états quasi stables 
par un ou plusieurs états stables supplémentaires, en supprimant les entrées corres- 
pondantes du circuit OU placé dans la chaine de réaction. La séquence est ainsi rompue; 
elle n’est reprise que sur l’intervention d’une impulsion extérieure. 


e) INTERVENTION AU COURS DU CYCLE 


Tl peut étre désirable, dans certains cas, de prolonger la durée sur une position 
déterminée. Le commutateur sert par exemple de chercheur; dans ce cas, il est successive- 
ment connecté a différents circuits et, sur réponse favorable d’un de ces circuits, une 
opération assez longue peut devoir étre déclenchée. II faut donc allonger le temps d’arrét 
sur cette position en agissant sur le retard T; une telle opération est particuligrement 
aisée si T est déterminé par un monovibrateur. 
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“ORDRE” 


COMMUTATEUR 


ELECTRONIQUE n°4 
0123456789 


COMMUTATEUR 
ELECTRONIQU 
0123456 


tt 


Figure 4 


Commutation sur cent voies. 
Cg 4 Cog vers les colonnes de la matrice 
Ig & Ig vers les lignes de la matrice 


f) INTERCOUPLAGE DES CIRCUITS DE REACTION DE PLUSIEURS COMMUTATEURS 


Le couplage réciproque de plusieurs circuits commutateurs par leurs circuits de 
réaction augmente les possibilités du montage, permettant des séquences plus compliquées 
nécessaires pour réaliser certains processus automatiques. 


V. Exemples d’applications 


Le présent circuit et la plupart des variantes ont trouvé des applications intéressantes 
pour la réalisation de deux appareils: un convertisseur binaire-décimal et un appareil 
de transfert sur machine imprimante des contenus de compteurs d’impulsions. 


a) CONVERTISSEUR BINAIRE-DECIMAL (fig. 5) 


Le principe général est le suivant: le nombre sous forme binaire, préalablement 
stocké dans un registre, est transféré dans un compteur décimal, qui regoit successive- 
ment en paralléle les poids des différents chiffres binaires égaux a «1». 

Le commutateur n° 1 posséde un circuit de réaction interne non figuré et explore 
les colonnes de plusieurs matrices de coincidences, aprés réception d’une impulsion 
d’ordre. 
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“ORDRE DE CONVERSION ” 


REGISTRE 
BINAIRE 


REGISTRE 
DECIMAL 


Figure 5 
Schéma fonctionnel partiel du convertisseur binaire-décimal. 


Le commutateur n° 2, comportant dix-sept positions utiles (§IV.c), commute les 
lignes des mémes matrices de coincidences et sert 4 Vinterrogation séquentielle du 
registre binaire. Il recoit sa premi¢re impulsion d’avancement ou «ordre de conversion» 
de l’extérieur. Les impulsions suivantes proviennent de deux origines différentes selon 
le résultat de l’interrogation de chaque élément du registre: 

1° Si le résultat est un «O», ’impulsion de commutation est fournie par l’élément 
du registre lui-méme, avec un faible retard et élément suivant est interrogé dans un 
 délai trés bref; 

2° Si le résultat est un «1», le commutateur n° 1 est excité, et délivre la prochaine 
impulsion de commutation 4 la fin de son cycle. 

Les différents couplages entre les commutateurs n° 1 et n° 2 font donc appel aux 
variantes indiquées aux §IV.c) (fig. 4) et IV. e). 

Sur la figure 5, seule est représentée la matrice de coincidences correspondant au 
chiffre des unités. Au cours de son cycle, le commutateur n° 1 excite le circuit de 
coincidence qu’il rencontre sur la ligne correspondant a l’élément du registre binaire 
qui vient d’étre interrogé. L’impulsion résultant de la coincidence ferme Ja porte «unités», 
en sorte que la premiére décade du compteur décimal recgoive le nombre voulu d’impul- 
sions (J, 2, 4, 6 ou 8 dans le cas de la figure). Pour les autres chiffres décimaux, lorsqu’aucune 
impulsion ne doit étre appliquée aux décades, les portes correspondantes ne sont pas 
ouvertes grace 4 un circuit d’interdiction placé en X. 


b) APPAREIL DE TRANSFERT SUR MACHINE IMPRIMANTE DES CONTENUS DE COMPTEURS 
D’ IMPULSIONS 


La machine imprimante est une petite machine a calculer ou une machine 4 écrire 
munie d’électroaimants. La méthode de transfert est du type «série séquentiel». Chacune 
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des décades de l’ensemble des compteurs est interrogée successivement par l’application 


de dix impulsions 4 son entrée; l’apparition de Vimpulsion de retenue permet de 
déterminer le chiffre 4 imprimer. 


L’ensemble des décades appartenant a tous les compteurs est considéré comme une 
matrice. Les trains de dix impulsions sont appliqués selon les colonnes de décades, 
et les retenues sont collectées suivant les lignes (correspondant aux compteurs) de telle 
fagon que le contenu d’une seule décade soit transféré 4 un instant donné. 


L’appareil de transfert est composé de trois étages de commutation couplés comme 
indiqué en figure 4, de sorte qu’a partir d’une seule impulsion bréve l’ensemble des 
opérations se déroule automatiquement. Le réle et la constitution de ces trois étages 
sont les suivants. 


1° Le premier commutateur, ou «sélecteur de touches», recoit ses impulsions d’ordre 
de l’extérieur sous forme d’«ordre général de transfert», ainsi que des deux autres étages 
de commutation. Ses sorties attaquent les solénoides des électroaimants et sa période 
d’avancement normale est égale 4 0,5 ms, de fagon que les électroaimants recoivent 
une excitation nettement insuffisante pour la pose d’un chiffre. Ce commutateur engendre 
également les trains de dix impulsions destinés 4 l’interrogation des décades. 


x 


Lorsqu’une impulsion correspondant a l’apparition d’une retenue intervient, un 
monovibrateur détermine un retard 4 la commutation de 35 ms permettant Pexcitation 
correcte d’un électroaimant (§ TV. e). La décade retourne ensuite 4 son compte primitif 
par la poursuite du cycle du commutateur, ce qui compléte le train de dix impulsions 
provisoirement interrompu. En fin de cycle une impulsion est appliquee au second 
étage de commutation. 


2° Le second étage de commutation, ou «sélecteur de décades» a pour réle de diriger 
les trains de dix impulsions sur les colonnes de décades. Aprés chacune des commutations, 
moins une, il entraine un nouveau cycle du sélecteur de touche. A la fin de son cycle, 
il provoque Vexcitation de la touche «-+» dans le cas d’une machine 4a calculer, et il 
commande avec un retard convenable l’avancement du troisiéme étage de commutation. 


3° Le troisiéme étage de commutation, ou «sélecteur de compteurs», comporte 
dix-huit positions (§IV.c). Il permet, grace 4 des circuits de coincidence, d’admettre - 
vers les circuits du premier étage de commutation, les impulsions de retenues relatives 
a un seul compteur. A chacune de ses commutations, moins une, il réarme le premier 
commutateur, ce qui entraine un cycle complet d’impression d’un compteur. En fin 
de cycle, il détermine le déclenchement de certaines opérations: remise 4 zéro éventuelle 
des compteurs, remise en marche, excitation éventuelle de la touche «Total» sur une 


machine 4 calculer, etc. 


Cet appareil, capable de transférer les contenus de dix-huit compteurs avec leurs 
adresses, est pourvu de circuits permettant une mise en cascade d’un second ou d’un 
troisiéme appareil du méme type, dans le cas ou sa capacité est insuffisante. 


Le programme peut étre facilement changé par la modification de quelques connexions 
internes, de facon a adapter l’appareil au genre de machine 4 utiliser, au nombre de 
compteurs et aux dispositions adoptées pour l’impression (affichage de l’adresse, de 
V’heure, etc.). 


SELECTEURS MULTIDIMENSIONNELS 
A MEMOIRE MAGNETIQUE 
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SocréETE INTERTECHNIQUE, DIVISION NUCLEAIRE, BOULOGNE 
FRANCE 


Abstract — Résumé — Axnnotauaa — Resumen 


Multi-dimensional selectors with magnetic memory. The Société Intertechnique, in collaboration 
with the Commissariat a l’énergie atomique, has studied different standard memory units having 
1024 and 4096 channels. 

These information storage units can be included as a memory element in a measurement 
chain or, with certain accessories, can serve as complete multi-dimensional selectors. 

The 1024-channel unit, which was designed more especially for the read-back of information 
stored on a multi-track magnetic tape, has been generally enlarged and expanded into a 
4096-channel selector. This type of memory unit, coupled to a 128 or 256 channel digital analogue 
converter for example, becomes a selector with 32 x 128 or 16 x 256 channels which can be 
used to study the spectrum of a nuclear reaction involving 16 or 32 parameters. 

These instruments have been specially designed to embody the following features: easy 
maintenance (printed panels mounted on movable chassis), size and shape resembling those 
of an oscillograph, versatility (numerous accessories and various modes of operation). 


Sélecteurs multidimensionnels 4 mémoire magnétique. En collaboration avec le Commissariat 
a lénergie atomique, la Société Intertechnique a étudié des ensembles standard de mémoire 
a 1024 et 4096 canaux. 

Ces ensembles de stockage d’informations peuvent étre insérés dans une chaine de mesure 
comme élément de mémoire ou peuvent constituer, moyennant certains accessoires, des sélecteurs 
complets multidimensionnels. 

L’ensemble 4 1024 canaux, concu plus spécialement pour relire les informations stockées 
sur une bande magnétique multipistes, a été généralisé et étendu, donnant naissance a un sélecteur 
4096 canaux. Un tel ensembie de mémoire, couplé 4 un convertisseur analogique digital 4 128 ou 
256 canaux, par exemple, constitue un sélecteur de 32 x 128 ou 16 x 256 canaux. Il permet 
alors l’étude du spectre d’une réaction nucléaire conditionné par 16 ou 32 paramétres. 

Ces appareils ont été spécialement concus pour étre d’un entretien facile (plaquettes imprimées 
montées sur chassis mobile), d’un format comparable 4 celui d’un oscillographe, et d’une 
utilisation largement diversifiée (accessoires nombreux et pluralité des modes d’attaque). 


Muoropa3Mepuble CenekTophl C MarHHTHBIM 3allOMHHAaIOWHM YcTpoiicTBOM. O6ulecTBo ,,MuTep- 
TeKHMK’ B COTpyaHM4ecTBe Cc KomuccapuaTomM lo AyepHow 9HepruaH CKOHCTpyupoBasIO CTaH- 
Hapruble 3alMOMMHarolme ycTpoiictBa c 1024 u 4096 kaHanamu. 

OTH ycTpolicTBa 10 XpaHeHHIO MHoOpMallMM MOFyT BKIIOYUATbCA B M3MEPHTENbHYIO Wellb 
B KaveCTBe 3/IEMeHTa 3allOMMHalOllero ycTpoiicTBa WIM %Ke MOryT Np MOMOLMIH HeEKOTOpBIX 
BCHOMOraTeJIbHEIX IPHOOPOB PYHKIMOHHPOBATh B KAY€CTBE CAMOCTOATEJIBHBIX MHOLTOPa3MepHEIX 
CeIeKTOPOB. 

Yctpoiicrso c 1024 kaHanamu, paspa6oTaHHoe cielMasIbHO C LelbIO BOCOPOH3BeCHHA H 
TlepeHeceHuA XpaHHMOi WHDOPMaWHH Ha MHOTOAOPOXKHYIO MarHHTHY!IO JIeHTy, OBLIO pa3- 
pa6oTaHo elle Jambuie u mpeBpalyeHo B cemexTop c 4096 kaHanamu. Takoe 3alomuuHatoliee 
YCTpoiicTBO, COmpsxKeHHOe c Npeobpa3z0BaTesIeM HeMPePbIBHbIX MOJEIMPYIOIWNHX NapaMeTpoB 
B Uudpossie, HanpumMep c 128 unu 256 kaHanamu, O6pa3yer ceyexTop B 32 x 128 unm 
16 x 256 xaHanoB. B tTakomM cyIy4ae 3TO yCTpoicTBO WeMaeT BO3MOXXHBIM H3YY¥eHHE CNeCKTpa 
anepHolt peakuwu c yuacruem 16 unm 32 napamMeTpos. 

OTH npu6ope: 6pm cheuMaIbHO pa3spaOoTaHbI c Wellbio oGecneyeHHA JIerkocTH yxona 3a 
HBMH (eYwaTHbie WtacTHHKW, MpvKpeliiaembie K NOABWKHbIM PaMKaM), MoJyYeHUA pa3Mepa 
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cpaBHUMOro c pa3MepaMH ocuMOrpada, ROCTWKeHUA YpesBEMaiiHO MHOFOUMCJICHHBIX BO3- 
MOXKHOCTeH HCTONb30BaHHA (MHOTOUMCHeEHHBIC BCHOMOFaTeNbHbIe NpuGopb! M MHOTOUNCIeH- 
HOCTb cnoco6oB pa3BepTKH). 


Selectores multidimensionales de memoria magnética. La Société Intertechnique ha estudiado, 
en colaboracion con el Commissariat 4 l’énergie atomique de Francia, conjuntos corrientes de 
memoria de 1024 y 4096 canales. 

Estos conjuntos para el almacenamiento de informaciones pueden incorporarse en una cadena 
de medicién como elementos de memoria o bien, mediante ciertos accesorios, pueden constituir 
selectores multidimensionales completos. 

El conjunto de 1024 canales, concebido especialmente para leer las informaciones almacenadas 
en una cinta magnética de muchas pistas, ha sido generalizado y ampliado, dando origen a 
un selector de 4096 canales. Si se acopla un conjunto de memoria de este tipo a un convertidor 
de analdégico a numérico de, por ejemplo, 128 6 256 canales, se obtiene un selector de 32 x 1286 
de 16 x 256 canales que permite estudiar el espectro de una reaccién nuclear condicionada por 
16 6 32 pardmetros. 

Los aparatos han sido concebidos especialmente para ser faciles de mantener (plaquetas 
impresas montadas sobre chasis mévil), de un tamafio comparable al de un oscilégrafo, y 
utilizables de maneras muy diversas (numerosos accesorios y multiples posibilidades de conexi6n). 


Généralités 
INSTRUMENTATION NOUVELLE 


Devant l’importance grandissante qu’a prise ces derniéres années la physique nucléaire, 
et devant les besoins toujours plus grands des physiciens, il s’est révélé nécessaire de 
penser un nouvel appareillage de spectrométrie aux utilisations diverses. Cette nouvelle 
instrumentation, connue sous des vocables divers tels que: analyseurs XY, analyseurs 3D, 
etc., a donné lieu a divers projets et réalisations, au Royaume-Uni [1] et aux Etats- 
Unis [2] [3]. 

L’an dernier, le Commissariat 4 l’énergie atomique nous demanda de présenter le 
projet d’un appareil devant permettre de conserver dans la mémoire de son calculateur 
les histogrammes de plusieurs études spectrales, corrélées entre elles ou non. 

La réalisation d’un appareil de cette sorte posait deux problémes fondamentaux: ° 
un bloc d’analyse d’une utilisation variée et souple, et un ensemble de mémoire de 
grande capacité. Ce dernier ensemble devait pouvoir également servir comme ,unité 
de stockage dans une chaine de mesure multidimensionnelle standardisée telle que 
Pavait exposée M. Pacés [4] lors du dernier Congrés d’électronique nucléaire a Paris 
en 1959. Cette condition supplémentaire permettait donc d’entrevoir clairement les 
diverses conditions d’utilisation que notre appareil devait remplir et que nous allons 
maintenant étudier. 


CONDITIONS D’UTILISATION 


L’appareil que nous devions réaliser devait pouvoir étre utilisé soit comme un sélecteur 
multidimensionnel indépendant complet, soit comme élément de stockage d’informations 
aprés avoir déconnecté son bloc d’analyse. 

La premiére de ces conditions conduisait 4 envisager un sélecteur de m x n canaux, 
n étant le nombre de canaux affectés 4 une spectrométrie donnée et m le nombre de 
parameétres possibles. Le nombre n étant habituellement de 128 ou 256, voire 512 canaux, 
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la capacité totale de !’ensemble mémoire devait étre au minimum de 2 x 512, soit 
1024 canaux. Cette capacité conduisait aux possibilités de sous-groupage suivantes: 


2 x 512 
4 x 256 
8 x 128. 

Le choix du code binaire n’était pas fait au hasard: il était imposé par l’utilisation 
de l’ensemble en lecteur d’informations stockées sur bande magnétique, et devait étre 
conforme au code choisi par ailleurs pour ces études de stockage sur bande magnétique. 

Des ensembles de mémoire 4 1024 canaux ne posaient pas de problémes particuliers, 
ceux-ci étant connus et ayant fait objet de diverses réalisations depuis le premier projet 
de MM. Mac Mahon et Schumann au centre d’Argonne. Le sous-groupage seul était 
a entrevoir. 

En premiére étape, le C.E.A. nous demanda de réaliser un bloc de mémoire 4 1024 
canaux avec les possibilités de sous-groupage données ci-dessus et un mode d’accés 
pouvant étre paralléle, série ou série paralléle. . 

En deuxiéme étape, cependant, le Service de physique nucléaire des moyennes énergies 
nous demanda un sélecteur complet pouvant étudier des spectrométries 4 128 canaux 
conditionnés par 32 paramétres. Un tel appareil nous conduisait donc a étudier un bloc 
de mémoire d’une capacité totale de 32 x 128, soit 4096 canaux. Les réalisations dans 
ce domaine étaient beaucoup moins connues en Europe. 

Par ailleurs, l’orientation de l’instrumentation nucléaire se faisant vers les circuits 
a4 transistors, c’est un ensemble entigrement transistorisé qui nous était demande. 

Cet ensemble devait comporter: un bloc analyse comprenant convertisseur et circuits 
d’aiguillage, un bloc mémoire 4096 canaux, et un ensemble de sortie et d’inscription 
des résultats: organes périphériques. 

Le bloc mémoire étant d’un usage plus général pour l’ensemble des physiciens du 
C.E.A., nous le décrirons tout d’abord, laissant le bloc analyse pour la deuxiéme partie 
de cet exposé. 


Le bloc mémoire 4096 canaux 


La constitution générale d’un tel bloc devait comprendre (fig. 1): 

a) Unregistre d’entrée ou registre d’adresse acceptant des informations en code binaire; 
b) Un ensemble de mémoire 4096 points, avec ses circuits de commande; 

c) Un registre de sortie ou registre arithmétique; 

d) Des organes de sortie des informations sous forme analogique et digitale. 


REGISTRE D’ENTREE 


Spécifications demandées 


La capacité de ce registre devant étre de 4096, soit 2! adresses codées en binaire, 
il devait comporter 12 étages, l’accés en série ou série paralléle devant étre possible. 
La vitesse de comptage d’un tel registre devait étre au minimum égale a celle des 
convertisseurs analogiques digitaux les plus courants en physique nucléaire, c’est-a-dire 
convertissant 4 0,5 vs par canal, soit une fréquence de 2 MHz. 
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Figure 1 
Bloc-diagramme (stockage). 


L’utilisation en sélecteur d’amplitude XY pour des spectrométries y corrélées entrainait 
un: accés série des étages du registre et ceci en divers points, ce qui conduisait a réaliser 
des étages capables de compter 4 2 MHz. 

Enfin, l’attaque paralléle par des signaux codés binaires provenant de la lecture 
d’informations stockées sur bande magnétique, imposait des caractéristiques particuliéres 
aux circuits d’entrée des étages d’adresse quant au rapport signal utilc/signal parasite. 
Le C.E.A. nous demanda de déclencher avec un niveau de 7 V + 25% avec protection 
vis-a-vis des signaux parasites de 1 V. 


Réalisation 


Si Pon remarque que dans une chaine de comptage c’est la deuxi¢me impulsion qui 
fait basculer l’étage suivant, on peut trés bien concevoir de connecter en permanence 
l’échelle d’adresse en compteur tout en se réservant la possibilité de commander chaque 
étage en paralléle. 

Dés lors le registre d’adresse est un compteur série. On détermine le nombre d’étages 
série en court-circuitant la sortie du dernier étage binaire, précédant le premier étage 
que l’on veut commander en paralléle ou le deuxiéme groupe a commander en série. 
Ainsi, pour chaque étage de ce registre, peut-on distinguer une entrée dite «paralléle» 
et une entrée dite «série». Les bascules de l’adresse sont construites avec des OC 170, 
les diodes sont des 19 PI de la Compagnie francaise Thomson-Houston, et les portes . 
de séparation sont des OC 140. 


CIRCUITS POUR UNE MEMOIRE 4096 POINTS 
Solutions diverses de sélection des adresses 


La premiére solution classique venant 4 Vidée était celle d’un décodage 64 x 64 et 
d’une commande par deux générateurs de courants X et Y. Toutefois cette solution 
entrainait l’utilisation de 2 x 64 portes d’aiguillage: 64 portes en X et 64 portes en Y 
(voir figure 1). ; 
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Une autre solution était de ne décoder que dix étages, soit 1024 configurations 
‘logiques en 32 x 32, et d’aiguiller par les étages de poids 10 et 11 les courants de 
commande. Cette solution avait l’'avantage de réduire le nombre de portes 4 32 en 
n’augmentant que de 2 le nombre de générateurs de courant. 


Toutefois, ces deux solutions ont un inconvénient important, 4 savoir que la capacité 
entre un fil X ou Y et la masse charge les générateurs de courant. Cette capacité est 
multipliée par le nombre de fils attaqués en paralléle par le générateur de courant, 
ce qui pour un nombre important de fils attaqués conduit a des effets d’intégration 
trés importants sur le signal de courant. Méme dans la deuxiéme solution, c’est la 
capacité des 4096 fils qui influe. 


Pour éviter cet inconvénient, nous avons étudié une autre solution que nous allons 
décrire. 


Solution choisie 


N 


Elle réduit le nombre de circuits interrupteurs 4 2 x 24 portes, mais nécessite 
2 x 64 transformateurs et 2 x 128 diodes. 


C’est une solution dérivée des circuits de mémoire décrits par SCHUMANN et Mac 
Manon [5]. Le principe de sélection se rapproche d’ailleurs de celui décrit par nous- 
méme au sujet d’une étude de sélecteur de temps de vol 1000 canaux 4 mémoire magnétique. 
Le schéma du systéme de sélection est donné sur la figure 2. 
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Figure 2 
Amplificateurs de lecture. 


Description du systeme. Un transformateur posséde huit secondaires commandés 
par les courants lecture et écriture et refermés 4 la masse a travers huit portes Px. Ces 
secondaires attaquent des ensembles de huit circuits constitués par un transformateur 
en série avec une diode D,, elle-méme connectée 4 un fil commun A (colonne) relié 
a la masse a travers une porte Py. Une diode D, connectée au transformateur au méme 
point que D, est reliée 4 un deuxiéme fil B, refermé lui aussi 4 la masse a travers la 
porte Pg. Les portes Py et Pg sont commandeées ensemble par une des sorties de la 
matrice de décodage de I|’adresse. 
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De cette facon le courant de commande ne passe que dans le transformateur T, qui 
est 4 intersection d’une ligne sélectionnée et de deux colonnes refermées 4 la masse 
(tracé en trait fort sur le schéma). 


On peut aussi distinguer: 

a) Un groupe de huit portes commandées par une des huit configurations logiques 
fournies par le décodage des trois variables binaires de plus faible poids. 

b) Un groupe de seize portes réunies en huit groupes de deux, chaque groupe de 
deux étant commandé par une des huit configurations logiques des trois autres variables 
binaires de poids plus élevé. 


Le décodage nécessaire 4 la commande d’un groupe de 64 fils est donné par deux 
matrices 4 diodes décodant chacune trois étages binaires d’adresse. 


Aprés plusieurs essais, on a choisi le tore 6D5, qui a l’avantage de permettre de 
réaliser des blocs mémoires trés compacts (120 x 120 x 120). Il a les caractéristiques 
suivantes: 

Diamétre extérieur: 1,27 mm. 
Diamétre intérieur: 0,80 mm. 
Hauteur: 0,38 mm. 
Courant nominal de commande: 
a 25°C, 550 mA, 
a 40°C, 510 mA. 
Valeurs garanties 4 40°C: 


rV,; > 45mvV 0,55 < ty <0,7 
dV, < 12mV tp < 1,35. 


On voit qu’il nécessite un courant plus faible mais fournit un signal de lecture également 
plus faible que les tores 6BI habituellement utilisés. 


On devra donc concevoir des amplificateurs de lecture 4 gain assez élevé. Le systeme 
de sélection décrit ici a donné des résultats satisfaisants et s’adapte trés bien a des 
mémoires de capacité inférieure (2048 adresses). 


Corrections en température. Un circuit de correction en température a été mis au 
point et permet le contrdle des courants de commande; ces derniers décroissent au fur 
et A mesure de la croissance de la température. Le circuit est le suivant: un amplificateur 
différentiel permet de comparer en permanence 4 une tension de référence la tension 
aux bornes d’une thermistance dépendant directement de Ja tension d’alimentation 
du générateur de courant. Lorsque la température croit, la thermistance diminue de 
valeur et la tension prélevée A ses bornes varie, provoquant le déséquilibre de l’amplifica- 
teur et par suite la variation de la tension d’alimentation. Cette compensation en 
température est efficace jusque vers 40°C. 


Circuits de lecture 


a) Les impulsions produites par les tores étant de 45mV a 40°C d’amplitude, il 
est nécessaire de les amplifier et mettre en forme pour pouvoir attaquer les bascules 
du registre. 
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b) Les impulsions d’entrée pouvant étre > 0 ou <0 doivent étre redressées. 

c) Enfin, la discrimination entre le signal «1» et le signal «parasite» doit pouvoir 
étre faite grace 4 un échantillonnage en temps et en amplitude (voir paragraphe «Circuit 
d’échantillonnage»). - 

d) L’impédance d’entrée d’un tel amplificateur doit étre élevée Baus réduire les effets 
de self induction. 

_ Le schéma d’un tel amplificateur est représenté sur la figure 3. Le premier étage 
constitue un amplificateur de tension linéaire de gain environ 40. Le gain théorique 
est déterminé par le rapport R,/(R, + R,), avec R, = résistance émetteur du transistor; 
il est réduit par l’impédance d’entrée de |’étage suivant et par les capacités parasites. 
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VERS GENERATEUR DE COURANT 
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2 COLONNES 128 DIODES 


Figure 3 
Sélection des courants. 


L’impédance d’entrée est supérieure 4 1 kQ. Le deuxiéme étage, constitué par le 
transistor Q2 monté en émetteur asservi, sert de transformateur d’impédance. Le 
transformateur T, a point milieu permet d’avoir toujours une impulsion négative soit 
sur une branche soit sur autre. Une tension positive appliquée au point milieu polarise 
les bases de Q, et Q, et constitue un seuil de tension. Enfin, le transistor Q, constitue 
une porte en série avec les émetteurs de Q, et Q, et permet de sensibiliser le circuit 
de lecture avec un certain retard par rapport au début de l’impulsion. 


Circuits d’ interdiction 


Les courants d’interdiction sont fournis aux vingt planches mémoire par des transistors 
de puissance commandés par le signal d’écriture. Ces commutateurs de puissance sont 
au nombre de quatre; ils commandent chacun cinq fils d’interdiction, qui se referment 
a la masse 4 travers cinq portes ouvertes par les états des bascules du registre de sortie 
(fig. 4). 


11 


162 J. M. TISSIER 


2 od 


+20v 3900 


GENERATEUR 


“Vv 


Figure 4 
Interdictions (générateur et porte). 


‘ 


Circuit d’échantillonnage: strobe 


Dans une mémoire de grande capacité, les signaux parasites peuvent €tre d’amplitude 
élevée, Toutefois, ces, signaux se présentent toujours pendant un temps plus court que 
le signal de lecture «1». Une solution classique consiste 4 échantillonner pendant un 
certain temps, de facon a ne sensibiliser l’amplificateur de lecture que lorsque le signal 
parasite est terminé. Le signal d’échantillonnage doit s’établir si possible en correspondance 
étroite avec le signal de lecture («sensing signal»). Dans ce but, nous avons choisi de 
le créer par le basculement rapide d’un tore identique 4 ceux de la mémoire, utilisé 
en transformateur d’impulsion; le signal fourni par ce tore est Jégérement retardé, puis 
appliqué 4 l’amplificateur de lecture. 


REGISTRE DE SORTIE 


Pour des raisons de standardisation, le Commissariat 4 l’énergie atomique nous a 
demandé de réaliser un registre binaire codé décimal et non binaire pur. Cette solution 
nous a entrainé a concevoir un registre de 5 x 4 bascules pour réaliser une capacité 
de 100000. 

De la méme facon, le bloc mémoire est alors constitué par un empilement de vingt 
planches au lieu de dix-sept dans le cas d’un registre binaire qui réaliserait une capacité 
de 131072. 

L’avantage du code binaire décimal était surtout la simplicité du décodage en vue 
de l’attaque de Yimprimeur par des signaux. décimaux. Nous avons également concu 
ce registre en compteur décompteur au moyen de circuits logiques d’aiguillage des 
états de chaque bascule. 

Enfin, lattaque paralléle du registre a été prévue pour que l’on puisse incorporer 


x 


A volonté dans la mémoire une nouvelle information 4 une adresse donnée. 


ORGANES DE SORTIE 


Ils doivent étre de trois sortes: 
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a) Analogiques avec présentation des résultats sur oscilloscope; 

b) Analogiques avec présentation des résultats sur enregistreur; 

c) Numériques avec codage en vue du traitement ultérieur des informations par un 
ordinateur. 


Oscilloscope 


Selon la demande du Commissariat & l’énergie atomique, cet oscilloscope devait 
présenter les oscillogrammes sur quatre traces maximum comprenantchacune 1024 canaux, 
soit huit groupes de 128 canaux. 

Les traces devaient étre décalables et superposables. Une loupe devait permettre 
d’étaler la trace de 1024 points, de fagon qu’il en apparaisse 128 sur la largeur du tube 
et 1024 par défilement continu. 

Cette solution, quoique ne donnant pas une représentation spatiale des spectres, 
a l’avantage de donner une présentation claire et utilisable, car la comparaison entre 
les groupes de 128 canaux est largement rendue possible grace aux divers décalages 
des traces: Un choix de la surbrillance d’une trace parmi les quatre améliore encore la 
comparaison des différents spectres. Au point de vue circuit, aucune difficulté spéciale 
n’a été rencontrée; toutes ces commandes de traces étaient obtenues grace a des circuits 
décodeurs digitaux-analogiques 4 diodes, et des potentiométres. 


Enregistreur 


La commande de l’enregistreur est prise directement a la sortie du circuit de décodage 
digital analogique du registre. 

Une sortie XY a été également prévue. 

Les vitesses d’exploration pour l’enregistrement sont 1, 5 et 50 Hz, avec possibilité 
de synchroniser en extérieur jusqu’a 1000 Hz. Cette derniére solution sert a réserver 
le fonctionnement avec des enregistreurs rapides. 


Numérique 


La sortie numérique pouvait se faire soit sur bande magnétique soit sur bande 
perforée. Pour des raisons de prix de revient, de simplicité, d’archives et de facilité 
d’accés 4 un calculateur, on a choisi la bande perforée. Le code de perforation est le 
CC.I.T. n° 2; toutefois, on peut changer le code a volonté en changeant une plaquette 
des circuits de commande. La perforatrice de bande est une perforatrice 4 50 caractéres 
par seconde. La commande électrique de la perforatrice est réalisée par des circuits 
extérieurs au bloc mémoire, placés directement vers la perforatrice dans un chassis 
séparé. La transcription en clair s’effectue aprés relecture de la bande perforée, soit 
sur un téléimprimeur soit sur une machine 4 additionner couplée a un lecteur de bande. 

Toutefois, pour une utilisation spéciale, le Service de physique nucléaire des moyennes 
énergies du Centre d’études nucléaires de Saclay, a demandé de pouvoir relire rapidement 
cette bande perforée dans un petit bloc de 256 canaux qui permettrait le dépouillement 
par spectre de 128 canaux. La lecture s’effectuera dans ce cas avec un lecteur photo- 
électrique a 80 Hz. 

Nous en avons terminé avec le bloc 4096 proprement dit. I) y aurait encore bien 
des choses a dire, sur la technologie des circuits notamment; nous signalerons seulement 
que les circuits sont imprimés et transistorisés. 
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Entrons maintenant dans le détail des circuits d’analyse qui constituent l’élément 
important de l’appareil que nous décrivons ici. 


Bloc analyse 


Les circuits d’analyse sont constitués par trois ensembles qui sont: 

a) Le convertisseur analogique digital; 

b) L’aiguilleur statistique; 

c) Le codeur de temps 1024 canaux. 

Ces trois tiroirs ne sont d’ailleurs pas utilisés simultanément, seul l’aiguilleur et le 
convertisseur peuvent étre couplés. 


CONVERTISSEUR 


C’est un convertisseur analogique-digital analogue 4 celui de Wilkinson, et repris 
par SCHUMANN [5] dans le sélecteur 256 canaux A tubes. II est enti¢rement réalisé avec 
des transistors et présente les mémes caractéristiques que les convertisseurs a tubes, 
c’est-a-dire: 

— stabilité: 0,5%, 

— temps mort: 0,5 ys par canal, 

— dérive: 1 canal sur 24 heures, 

— linéarité: 0,5%. 

Il est constitué par trois plaquettes de 15 x 30, et l’amplificateur linéaire, entiére- 
ment A transistors également, est compris dans ces trois plaquettes. 


AIGUILLAGE 


Ce circuit, entigrement nouveau, va faire l’objet d’une étude détaillée car il constitue 
Vélément clé du fonctionnement en multidimensionnel. 

Il assure exploration des 32 entrées de détection et code les informations fournies 
afin de la présenter sous forme binaire aux circuits de mémoire. Ce circuit peut fonctionner 
en statistique et en périodique. Il est tel que l’on ne peut analyser une impulsion sur 
la voie amplitude qu’en présence d’une impulsion et d’une seule sur l’une quelconque 
des voies d’aiguillage pendant un intervalle de temps -+ 1 us ou + 2 vs. 

Les impulsions d’aiguillage doivent étre fournies au circuit sous forme d’impulsions 
(durée a la base, 0,5-10-s; durée 4 mi-hauteur, 0,3 - 10-6s minimum; amplitude, 
7V + 20%). 

Impédance d’entrée: 10000 2. Les schémas annexes donnent la logique de fonctionne- 
ment de ce systéme d’aiguillage. 


Afin de mieux comprendre le fonctionnement de Vaiguilleur, on se référera a 
Vorganigramme reproduit sur les figures 5 et 6. , 


CODEUR DE TEMPS 1024 CANAUX 


Cet accessoire a été prévu pour transformer en sélecteur de temps de vol un bloc 
mémoire, ou d’une facon plus générale pour permettre des manipulations mixtes temps 
de vol — amplitude comme c’est le cas dans les études de gamma de capture. 
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Figure 5 
Organigramme des fonctions logiques de !’aiguilleur. 


L’appareil est constitué par une horloge 4 4 MHz et une échelle d’adresse chargée 
de coder en binaire les résultats qui sont transmis aux dix entrées du bloc. Les 1024 canaux 
sont 4 volonté répartis en quatre groupes de 256 ou deux groupes de 512. 

Une échelle totale de mesure de 4096 canaux est disponible, et les déplacements 
des régions d’intérét peuvent se faire par bonds de 64 7, T étant la largeur de canal choisie. 

Jusqu’a ce jour, nous avons fixé la plus faible largeur de canal 4 1 ps et la plus grande 
a 32 us. 

Cet appareil comprend onze plaquettes 15 x 30 et posséde son alimentation indé- 
pendante. Nous envisageons pour les années 4 venir d’étendre la gamme de temps 
étudiée ainsi que l’échelle totale de mesure. 


Conclusion 


Nous avons surtout voulu présenter ici une solution francaise aux problémes de la 
centralisation des résultats et des spectrométries multidimensionnelles. 


Nous pensons que la conception d’un organe central de stockage autour duquel le 
physicien peut a volonté faire graviter une gamme étendue d’accessoires, peut étre 
dune grande utilité grace aux usages nombreux qu’il peut en faire. 


L’universalité de l’organe de stockage permet d’envisager lutilisation de ce dernier 
dans tous les cas ou une centralisation des résultats est nécessaire. 
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Figure 6 
Schéma logique de l’aiguilleur. 


Vu l’importance de lautomatisation dans les années qui vont venir, nous espérons 
que la solution présentée ici pourra venir contribuer modestement a I’édifice de la 
technique d’instrumentation nucléaire moderne. 
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16-CHANNEL ANALYSER WITH HIGH TIME- 
RESOLUTION FOR MULTIPLE COINCIDENCE 
EXPERIMENTS 
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UNIVERSITY OF MARBURG, MARBURG 
FEDERAL REPUBLIC OF GERMANY 


Abstract — Résumé — Annotauua — Resumen 


16-channel analyser with high time-resolution for multiple coincidence experiments. In usual 
slow-fast-coincidence experiments such events are counted which are selected in pulse-height 
by means of single-channel analysers. It is desirable to extend these techniques to a simultaneous 
energy-analysis of the pulses, selecting pulse-heights by means of multi-channel analysers. 
Multi-channel analysers used to perform such multiple coincidence experiments should give 
information about the amplitudes of arriving pulses at a well defined time-interval after the 
rising of the analysed pulse. 

A 16-channel pulse-height analyser is described which permits the generation of a pulse- 
height signal 2.5 x 10-s after pulse-rising with an uncertainty of Jess than + 2 x 10°8s. 
The resolving-time is less than 5 x 10-6 s, controlled by an inspector-circuit to avoid distortions 
arising from the pile-up of pulses. 

The channel width is controlled by a window-amplifier, adjustable from 1 V to 7 V. The 
channel-height may be selected from 7 V to 103 V in steps of 0.5 V. 


Sélecteur a 16 canaux a temps de résolution élevé pour expériences de coincidences multiples. 
En général, dans les expériences de coincidences lentes-rapides, on compte des événements 
traduits sous forme d’impulsions dont l’amplitude est sélectionnée a |’aide de sélecteurs 4 un 
seul canal. Il est souhaitable d’étendre cette technique a l’analyse simultanée de l’énergie des 
impulsions, en sélectionnant les amplitudes au moyen de sélecteurs 4 canaux multiples. Les 
sélecteurs multi-canaux utilisés pour ces expériences de coincidences multiples devraient fournir 
une indication sur les amplitudes des impulsions d’entrée 4 un intervalle de temps bien défini, 
aprés la montée de limpulsion analysée. 

Les auteurs décrivent un sélecteur d’amplitude 4 16 canaux, qui délivre un signal 2,5° 10-65 
aprés l’établissement de l’impulsion avec une erreur inférieure A -- 2°10-8s. Le temps de 
résolution, inférieur 4 5+ 10-6 s, est commandé par un circuit spécial pour éviter les dérange- 
ments qui résulteraient de l’empilement des impulsions. 

La largeur du canal est commandée par un amplificateur 4 fenétre, ajustable entre 1 V et 
7V. La hauteur du canal peut étre réglée entre 7 V et 103 V, de 0,5 V en 0,5 V. 


Vicnonp30Banne wectTuauaTHKaHabnoro anasm3aTopa c GoAbUOi pa3speniaroulelt cnoco6HocTbio 
NO BpeMeHH JIM ONLITOB C MHOrOKpPaTHLIMH COBNaeHRaAMH. Tipu oGpraHerx OnbITaX C MeDJICHHBIMH 
wu G6BICTPBIMH COBNaqeHHAMM MpOM3BOAMTCA OTCYeT BeMHYMH, KOTOpbIC BLIGKpaLOTCA 110 
aMIUIMTY Xe MMIMYSIBCOB pH MOMOUIM OMHOKaH@JIbHbIX aHasIM3aTOPOB. IIpeactaBnsaetca 2Kesa- 
TCNbHEIM PacHpocTpaHATb 39TH MeTOAbI Ha OAHOBPeMeHHbI aHanw3 SHePrHH MMITYJIBCOB, 
nyTem oTOopa HMMYIBCOB 00 aMILIMTYDe NP NOMOMIK MHOFOKaHasIbHbIX aHasK3aTOPOB. 
MuorokaHasIbHble aHasIM3aTOPbI, MPHMCHACMBIe Did MPOWSBOACTBa TaKOTO pOAa OMBITOB C 
MHOTOKpaTHEIMH COBNaTeHHAMM, WOIDKHI DaBaTb CBEACHHA OTHOCHTEIEHO AMMMMATYAbI HOCTY- 
NarouwmHx AMMYIbCoB (pacpeyenaa HX NO aMiInTy,HbIM KaHaylaM) B TOYHO oMnpeyesIeHHbIe 
TIpOMexXyTKH BpeMeHN Toce HapacTaHMA uccHeyyemMoro MMMyJIbCa. 

Onucprpaercad WIeCTHKAH@JIBHEIM =aMILIMTYAHbIM aHaM3aTOp MMMYJIBCOB, HO3BONIALOIMH 
NPOv3BOAKTb CHTHAJIbI AMIUIMTYDbI HMMyIIbCa Yepe3 2,5 x 10-6 cexyHabI Tloclle HapacTaHHAa 
HMIvIbca ¢ UpeyesomM worpemHocTu MeHee, yem -} 2 X 10-8 cexynabi. Bpema pa3pemienna 
He pesbiumtaet 5 < 10-6 cexvua; Bo u3GexKaHMe MCKaKeHHA B PesyIbTATe HaKOIMICHAA MMIMVJIBCOB 
3TO BPeMA PeryAHPyeTCA KOHTPONbHbIM KOHTYPOM. 
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IWupuna kanasia perynupyerca ycusHTeeM C OKHOM, KOTOpBIi MOXeT perynMpoBaThCA B 
MHTepBasie OT 1 v Do 7 Vv. BbicoTa kaHayia MoxkeT BbIONpaTbca Yepe3 Kable 0.5 V B MATepBae 
oT 7 v qo 103 v. 


Analizador de 16 canales de eleyado poder temporal de resolucién para experimentos de 
coincidencias miltiples. En los experimentos de coincidencia lenta-rapida se cuentan general- 
mente sucesos cuya amplitud de impulso ha sido seleccionada por medio de analizadores de 
un solo canal. Resulta conveniente lograr que estas técnicas permitan analizar simultaneamente 
las energias de varios impulsos, seleccionando sus amplitudes por medio de analizadores de 
canales multiples. Los analizadores que se emplean en los experimentos de coincidencia miultiple 
deben informar sobre las amplitudes de los impulsos incidentes (ordendndolos en canales de 
amplitud) tras un intervalo de tiempo bien definido después de establecido el impulso que se 
analiza. 

Se describe un analizador de amplitudes de impulso de 16 canales que permite generar una 
sefial de amplitud de impulso 2,5 x 10-6s después de establecido éste, con un error inferior 
a2 x 10-85, El tiempo de resolucién es menor de 5 x 10-s y esta controlado por un circuito 
inspector para evitar distorsiones debidas a la acumulacién de impulsos. 

La anchura del canal, controlada por un amplificador de ventana, es ajustable entre 1 y 7 V. 
La posici6n del canal puede variarse entre 7 y 103 V a intervalos de 0,5 V. 


I. Introduction 


In nuclear research it is frequently necessary to investigate particles with respect to 
their time-coincidence. The usual measuring equipment is of the fast-slow-coincidence 
type [1]. In such an arrangement incident-particles are analysed separately with respect 
to their time-coincidence and to the height of the electrical pulses generated by the 
particles in the detectors. These separate units of information are assembled by electronic 
mixing to give the complete result. The pulse-height analysis in sucha fast-slow coincidence- 
unit is performed by means of single-channel analysers: e.g. the coincidence of two 
incident particles is registered only if the one particle generates a pulse with a height 
of U1 while the other particle generates a pulse-height U2 (U1 and U2 indicate the 
corresponding single-channel settings). 

In many investigations it is desirable to extend this method to a simultaneous analysis 
of coincident-particles generating pulse-heights corresponding to several or even all 
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Fig. 1 
Block diagram of a multiple fast-slow coincidence circuit 
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the possible channel settings of Ul and U2. Hence the single-channel analysers must 
be replaced by multi-channel analysers, while the counting circuit must be replaced 
by a matrix of slow coincidence-gates Gn and scalers (multiple-coincidence technique, 
see Fig. 1). The development in transistorized digital techniques favours realizing the 
necessary numerous slow gates and scalers. 

The construction of such an array brings up the well-known problems of multi- 
channel analysis (equality and stability of channel-width, linearity and speed of the 
analyser). In usual spectroscopy, with the use of one multi-channel analyser, the 
difficulties of channel-width and linearity are removed by the technique of amplitude- 
to-time conversion. In multiple fast-slow experiments this technique fails, as the conversion 
lasts too long to take advantage of the small resolving time of the fast-coincidence 
circuit. For the purpose of multiple-coincidence investigations, therefore, an analyser 
with a high-time resolution (i.e. small dead time) and small jitter in delivering the pulse- 
height information was constructed. 


IL. Principle of operation 


The block diagram of the apparatus is shown in Fig. 2 (arabic numbers refer to the 
pulse shapes at different points). The pulses 1 generated in the detector, DET, are fed 
to the 16 channels of the analyser after linear amplification by means of a window 
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Fig. 2 
Block diagram of the fast multi-channel analyser and corresponding pulse shapes 
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amplifier wa. Each channel consists of a Schmitt voltage-discriminator Dy, a storage 
stage (modified monstable univibrator) S,, and a gate circuit (modified Rossi unit) C,. 
These 16 Rossi circuits represent a chain of anti-coincidence gates. 

Besides the pulses 1 (subjected to amplitude analysis) the detector delivers an auxiliary 
pulse 10. This “look-in” pulse passes an inspector IN, which is similar to the one described 
by KELLEY [2], and appears at the inputs of the anti-coincidence chain 12. Only one 
of these gates will be opened by the circuitry involved in the pulse-height analysis 
of pulses 4. Thus the look-in pulse 12 reaches only the output of one single gate. 
The appearance of a pulse 7, at the output of a gate Cy, however, FEpLESenIS the desired 
information about the analysed pulse-height. 

This information is generated with a time-jitter corresponding to the jitter which 
arises in the production of the-lock-in pulse in the detector. The time jitter of the pulses 7, 
was measured to about + 2 x 108s, This small jitter favours the proper operation 
of the gate matrix: chance coincidences between the gate openings and output pulses 
from the fast-coincidence circuit (see Fig. 1) are reduced considerably. 

The pulse diagram shown in Fig. 2 illustrates the circuit operations. As the different 
thresholds of the discriminators are reached at different times by an incident-pulse 4, 
it is necessary to store the information about the firing of the discriminators until the 
look-in pulse appears. After the look-in pulse has decreased to zero a second auxiliary 
pulse (the re-set pulse 13) brings all storage stages into quiescent conditions, thus 
providing a distinct time at which the assembly is able to analyse a new event. 

The dead time of the arrangement is slightly less than 3.5 x 10s. It may be shortened 
(controlled by the inspector circuit) if the rising time of the incident-pulses and internal 
pulse-delays will be reduced. 

A significant feature of the analyser is the absence of a linear gate and of a linear- 
pulse stretcher. The functions of those circuits are taken over by the inspector and 
storage stages respectively. The inspector suppresses a registration of pulses distorted 
by pulse pile-up, and the storage stages serve as stretchers operating in the non-linear 
part of the analyser. 


If. Circuit details 


The energy proportional pulses 1 are generated with an amplitude of about 10 to 
500 mV. They are double-shaped and brought up to max. 110 V by a conventional 
linear amplifier A. (The delay-line, shown in Fig. 2, is inserted at a max. 30-V level 
to. minimize pulse distortions.) The subsequent window amplifier, wa, is similar to 
that described by BREITENBERGER [3] except for that of the second amplifier and the 
output stage. They are replaced by a totem-pole amplifier [4] and a white cathode 
follower [5] to deliver pulses 4 within a linear-range of more than 250 V, which 
corresponds to the thresholds of the discriminators ranging from — 112.5 Vto + 112.5 V. 

The channel-width seen from the input of the window amplifier can be set to 1, 2 or 
3 V per channel. The middle of the channel may be adjusted in steps of 0.5 V within 
the full range of input pulses. 

The subsequent 16 channel devices are built up identically to permit channel-inter- 
changing (for instance in trouble shooting). The circuitry of the stages which forms 
one channel (with channel number n) is shown in Fig. 3. The discriminator (Vy, and Vp») 
is of the usual type A, constant-current device (V,3) which provides reliable operation 
on the circuit despite the wide range of bias-settings (at the grids of the Vn of the 
different channels) and the large voltage-swing at the grids of the V,). 
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Circuit diagram of one channel (channel number n) 


The plates of the valves V,, and Va, are clamped by a diode so that the positive- 
going pulse 5 at the plate V,, of a fired discriminator will rise the plate of valve Vag 
thus triggering the storage stage (modified univibrator V,, and Vas). The different 
states of the storage univibrators contain the temporarily stored pulse-height information. 
The output voltages drive the subsequent gate-circuits Cy (Ving: Vn7> Vng> Vag), which 
are closed in their initial state. Each univibrator fired opens the gate that belongs to 
the same channel by a negative 25-V pulse, 6,, at the grid of Vang While the same pulse 
re-closes the gate Cy_, of the next lower channel at the grid of Vi1yg (as the clamp 
operation of Viq_-1)g and Vi-1y9 is disabled). Finally only one gate remains open, 
indicating that the channel is attached to the analysed pulse-height. 


After that the delayed look-in pulse 12 passes this elected gate thus providing the 
desired information with respect to pulse-height and time-position. 
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Abstract — Résumé — Ansotagus — Resumen 


A 900-channel coincidence pulse-amplitude analyser. An analyser designed for correlation 
studies of pulse-height distributions from two scintillation counters is described. The analyser 
consists of two separate transistorized units; a dual-channel analogue-to-digital encoder and 
a 900-channel, 216-per-channel capacity ferrite-core store. The display and control unit for the 
instrument is separate and can be situated away from the analyser. 

The analysis mode of operation for coincident pulses on the A and B inputs of the encoder 
can be selected to be 30 by 30, 100 by 9 or 300 channels by 3 distributions. In the last two modes 
the base lines and the widths of the pulse-amplitude “windows” on distribution A can be selected 
by the operator. With 100 channels for pulse-amplitude analysis, eight “‘windows”’ in distribu- 
tion A define eight groups of 100 channels for the B distributions. In this case we have, in effect, 
one 100-channel analyser for distribution A and eight separate 100-channel analysers to which B 
can be routed. 

A description of the basic circuits of the encoder and the logic of the store and display units 
is given. 


Sélecteur d’amplitudes d’impulsions 4 coincidence 4 trois dimensions. Le mémoire décrit un 
sélecteur congu pour étudier la corrélation des distributions en amplitude des impulsions fournies 
par deux compteurs 4 scintillations. L’analyseur se compose de deux parties distinctes transis- 
torisées: un codeur analogique/numérique 4 deux voies et une mémoire a ferrites, 4 900 canaux 
d’une capacité de 216 par canal. Les tableaux d’enregistrement et les commandes de l’appareil 
forment un élément autonome qui peut étre installé 4 une certaine distance du sélecteur. 

Pour I’analyse des impulsions de coincidence aux entrées A et B du codeur, on peut combiner 
les canaux de trois maniéres différentes: 30 x 30, 100 x 9 ou 300 x 3. Dans les deux derniers 
cas, l’opérateur peut choisir les lignes de base et la largeur des «fenétres» des amplitudes 
d’impulsion pour la distribution A. Lorsque l’analyse de lamplitude d’impulsion se fait avec 
100 canaux, les huit «fenétres» de la distribution A définissent huit groupes de 100 canaux 
pour les distributions B. En effet, on aura dans ce cas un analyseur 4 100 canaux pour la 
distribution A et huit analyseurs distincts 4 100 canaux, sur lesquels B peut étre dirigé. 

Le mémoire décrit les circuits de base du codeur et la logique de la mémoire et de l’élément 
«tableaux d’enregistrement». 


JlepaTHcoTKanaIbHbii =AMIIATY Bb =aHaH3aTOp HMMUYJIbCOB COBIMAa,eHHA. OnncprpaeTca 
aHanM3aTOP, UpeqHa3HaYeHHbIt AIA HCCIe¢HOBAHHA COOTHOIMeHHA pacnpeneweHvA aMILIMTYA 
MMIyNbCOB JBYX CUMHTHJUIAIMOHHBIX CYeTYHKOB. AHnaM3aTOp COCTOHT M3 OBYX OTCJIbHBIX 
cexumii, paGoTaroummx Ha TpaH3HcTOpax, ABYXKAaHaNbHOrO KOAMPOBOYHOTO ycTpolictBa ¢ 
HepexoOM OT HeMPepbIBHEIX BeHYMH K MMCKPCTHLIM HM H3 ACBATHCOTKAHAIIbHOTO 3allOMH+ 
Harolllero yeTpoiicrBa Cc cbeppHTOBbIM CepAeYHHKOM eMKOCTbIO 216 Ha KaHall. Yerpoiicrso 
no o6HapyxXeHHIO M ynpaBeHMio BbIJeneHO HM MOXeT ObITH pacnoyOxKeHO OTACIbHO OT 
aHasM3aTopa. 

Dia HMnyiEcon CopnagzeHHaA UpH Bxone A vu B B KOQMpOBOUHOE YCTPOCTBO MOXHO BbIGHpAaTb 
cnoco6 mpow3BoycTBa aHamH3a Tak, ¥TOGbI UMesIOCb 30 KaHanoB upw 30 pacnpeneneHusAx, 
100 kananos mp 9 pacupenenenuax wim 300 Kananios npu 3 pacnpegenenuax. B OByx NocneqHMX 
Cily¥aax HCXOAHbIe JIMHMH WM WMpvHa ,,OKOH aMIIMTYObI HMIYIbCOB B pacupecieHHu A 
MoxeT BEIOHpaTECaA CaMHM OnepaTopom. IIpu 100 kananax IIa aHasIM3a AMILIMTYAbI UMIYJIbCOB 
BOCeMb ,,OKOH B pacripezenenuu A olpeyesaioT BOCeMb Tpylti 10 100 kaHanoB OIA pac- 
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npegenenuit B. MaxTwyecku B 3TOM Cyy4ae Y HaC NONyyaeTcCa OAM CTOKAHAJIbHbIt aHANM3aTOp 
AIA paciipeyenenun A uw BOCEMb OTJCJIbHbIX CTOK@HAJIBHbIX AaHAIM3aTOPOR, B KOTOPble MOET 
OLITR HanpaBeHo pacnpenenenne B. 

Flaetcs omucaHve OCHOBHBIX CX€M KOAMPOBOYHOTO yeTpolicTBa, JOrM4ecKOlt CXeMbI 3aNOMH- 
Halomgero yCTpolicTBa MM cekMM NO OOHapy2xeHHDD. 


Analizador de amplitud de impulsos de coincidencia con 900 canales. Se describe un analizador 
proyectado para estudios de correlacién entre las distribuciones de amplitudes de impulsos 
procedentes de dos contadores de centelleo. El analizador consiste en dos unidades transistori- 
zadas: un convertidor analégico-digital de doble canal y una unidad almacenadora de miicleos 
de ferrita, con 900 canales y una capacidad de 216 por canal. La unidad de control y lectura 
del instrumento est4 separada del resto y puede ser colocada a cierta distancia del analizador. 

El funcionamiento del aparato para el andlisis de impulsos coincidentes en las entradas A 
y B del convertidor puede ser regulado de manera que sea de 30 canales por 30 distribuciones, 
de 100 por 9, o de 300 por 3. En los dos ultimos casos las lineas de base y Ja anchura de las 
“ventanas” de amplitud de impulsos en la distribucién A pueden ser elegidas por el operador. 
Con 100 canales para el andlisis de amplitud de impulsos, ocho ‘“‘ventanas” en la distribucién A 
definen ocho grupos de 100 canales para las distribuciones B. En este caso se dispone, en efecto, 
de un analizador de 100 canales para la distribucién A y de ocho analizadores separados de 
100 canales para la distribucién B. 

Se describen los circuitos basicos del convertidor y se explica la légica de las unidades de 
almacenamiento y lectura. 


I. Introduction 


The diagram in Fig. 1 shows how a multi-channel analyser and a single-channel 
analyser are commonly used to record a pulse-amplitude distribution related both in 
time and in amplitude to the pulses from a second detector. The pulse from detector B 
is analysed provided that it is in time-coincidence with a pulse from A and that the 


pulse from A lies within a selected amplitude range. 
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Fig. | 
Coincidence pulse-amplitude analysis 


DETECTOR A 


If a pulse-height distribution is required for each of several amplitude-level settings 
(or “‘windows”) of the single-channel analyser, the experiment must be repeated for 
each setting. Alternatively, several sets of analysers could be used, with each single- 
channel analyser gating a different multi-channel analyser for a different amplitude 
of the A input signal. 

This report describes an instrument that provides the equivalent of three, nine, or 
thirty coincident pulse-height analysers with each having 300, 100 or 30 channels 
respectively. A magnetic core-memory stores up to 2! counts per channel. 
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The arrangement for the nine by 100-channel configuration is shown in a simplified 
form in Fig. 2. One of the nine groups of 100 channels is used to record the pulse-height 
distribution of A and the other eight record the pulse-height distributions from B. 
The routing system has a set of windows, one of which is selected by the A code and 
this determines the group of channels to which the B code should be routed. © 
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Fig. 2 
Three-dimensional coincidence pulse-amplitude analysis 


Each of the three functional units of the analyser (encoder, store and control-display) 
were designed and built as independent instruments. This simplifies maintenance and 
possible future modifications or additions. All signals from one unit to another are 
in digital form so that each unit can be treated without detailed knowledge of the other 
two. The separate display and control unit allows the instrument to be operated from 
a remote control consol. 


Il. The storage unit 


The storage capacity for counts in 900 channels is provided by a 30 x 30 x 16-bit 
ferrite-core array which is operated by coincidence-current selection. The address scaler 
consists of four separate scalers; two binary coded scales-of-ten and two binary coded 
scales-of-three. For the purposes of three-dimensional operation we arbitrarily separate 
these four scalers into two parts. The first part is called the channel-number scaler 
and the second part is called the group-number scaler. The scaling factor of each register 
is determined by the mode of operation. The three modes of operation provided are 
300 x 3, 100 x 9 and 30 x 30. Each channel has a capacity of 2!© counts. 


Fig. 3 shows a block diagram of the kicksorter. Suppose that the mode of operation 
is 100 X 9 so that the channel-number scaler is a scale-of-100. If the A and B inputs 
to the encoder are impulsed simultaneously, an event-recognition pulse is produced 
by the encoder. This pulse conditions the store unit to record the event. The sequence- 
logic circuit then impulses the encoder with a ready-for-A pulse which causes the 
encoder to discharge a train of pulses (code A) into the channel-number address register. 
At the end of the code train the encoder impulses the sequence logic with an A-complete 
pulse, which initiates an add-one cycle on the channel selected by the channel-address 
register. Upon completing the storage cycle the sequence logic sends a start pulse to 
the spectrum-group generator. This circuit determines whether the number in the channel 
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scaler is or is not in a set of “windows” (i.e. groups of channels selected by the operator) 
that define the eight groups in which the B pulse will be recorded. If the A pulse is in 
a window, the group-number address register will be set to the appropriate position, 
after which the channel-number address scaler is reset to zero. The sequence logic 
then feeds another instruction pulse to the encoder, which discharges the B-pulse code 
into the channel-number address register. An add-one storage cycle is performed for 
the selected B channel in the selected group and at the termination of this second cycle, 
a B-recorded pulse conditions the encoder to accept a new event at the inputs. Thus 
the pulse-height distribution from counter A is analysed and recorded in the first group 
of 100 channels, while the B pulse-height distribution is separated into eight groups 
of 100 channels. The group chosen is determined by the amplitude of the A pulse. 
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Fig. 3 
Block diagram of coincidence kicksorter 


“ 


The mode of operation is the same for the 300 x 3 configuration but only two 
B groups are possible. 

In the 30 x 30 configuration each channel in the A distribution has an associated 
30-channel spectrum from the B pulse-height distribution. Again the A distribution 
is recorded simultaneously with 29 B-distributions (channel 0 in the A spectrum has 
no associated B group). 


THE ADDRESS REGISTER 


The address register of the store unit consists of four binary-coded scalers which 
can accept both serial and parallel pulse codes. The binary-coded outputs are decoded 
to decimal for channel selection in the core array and to allow the use of decimal selection 
switches for the windows. Through.a programme connector we have complete access 
to the address registers. The channel-grouping configuration, resets, and serial and 
parallel addressing can be changed by a programme plug. External addressing can also be 
transmitted through the programme connector. 


A 900-CHANNEL COINCIDENCE PULSE-AMPLITUDE ANALYSER 177 


THE SPECTRUM-GROUP GENERATOR 


The spectrum-group generator is started when we wish to determine whether the 
A pulse is inside a window and to address the group number accordingly. Fig. 4 indicates 
the logic used to do this. The channel register contains the channel number of the 
A pulse. This number is decoded to decimal and each switch selects the boundary of 
a window by connecting the appropriate decoded levels to an AND gate. The set of 
16 AND gates is interrogated each time the address is advanced by the gated oscillator. 
When the channel number becomes identical with one of the selector-switch settings 
an output pulse is transmitted, stopping the gated oscillator. If a TOP gate produces the 
output pulse, then the A pulse was in a window and the group-number address register 
is set up through the diode matrix encoder. The add-one procedure is then allowed 
for the B pulse. If a BOTTOM gate produces the first output pulse the A pulse was 
not inside a window and the hunting procedure is merely stopped, no group address 
is set up and no add-one procedure occurs for the B pulse. 


SET ADO | (IN WINDOW) 


MATRIX CODER 


(GROUP NUMBER) 
Fig. 4 
Spectrum group generator 


The “channel width” of a window can be varied from zero to the full distribution 
width for the 100 and 300 configurations. No provision is made to vary the digital 
channel width for the 30 x 30 mode. In this case, after the add-one cycle has been 
performed for the A pulse, the spectrum-group generator complements the channel- 
number scaler into the group-number scaler thereby selecting the groups in one-to-one 
correspondence to the channel numbers. 


FUNCTIONS OF THE STORE UNIT 


The store unit can do several operations, in addition to accumulation. Even though 
the memory-tube display gives a display while accumulating data, it is necessary to 
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present the final result in different modes to the operator. Therefore a display routine 
is provided which scans through all 900 channels, presenting the contents in a cyclic 
fashion to the display unit. An add-one facility is added to enable the store unit to 
internally test the accumulation and storage circuits. 

A facility, using the parallel entry to the address register, enables the erase, complement, 
and print-out operations to be started at any selected channel. These operations may 
be stopped at the end of the group in which the operation was started. 


Il. Dual encoder 


The encoder makes use of pulse-height-to-time conversion, time being measured 
with a 1-Mc/s crystal-controlled oscillator. Two independent sections are used, so that 
coincident-input pulses can be analysed. Analogue pulses are stored in a capacity- 
diode type memory, and the time required by a constant current to recharge the memory 
capacitor through a voltage equal to the input-pulse is used to determine the input- 
pulse amplitude. No bootstrapping is required and only low-leakage diodes are connected 
to the memory condenser; thus the input-pulse can be stored for severa) hundred micro- 
seconds, with only minor losses in accuracy. 

The encoder recognizes coincident analogue inputs, storing them in two capacity- 
diode memories. A recognition signal is fed to the main core-storage unit. When a 
“ready-for-A” pulse is returned, a train of pulses from the 1-Me/s oscillator is fed out 
as a measure of the time required to recharge the memory capacitor A by the constant 
current. The beginning and end of the recharge is synchronized with the free-running 
1-Mc/s oscillator to prevent measurement jitter. When a “‘ready-for-B”’ signal is received, 
the B memory is discharged and a B code produced. The pulse-trains are only fed out 
when the appropriate instructions are received, so that the sequence is always determined 
by the main core-storage unit. 

The critical circuits in the encoder are the capacity-diode memory and the constant- 
current generator. A block diagram of the memory is shown in Fig. 5, with the essential 
circuitry shown in Fig. 6. The linear gate is normally open, so that the voltage on the 
base of Q1 is at about + 2 V. When an input signal is received, the discriminator fires, 
cutting off the current to R1 and producing a two-volt drop, which brings Q3 and 
CRI into heavy conduction. The input-signal amplitude is added to this two-volt drop. 
After a delay of 4 us, the gate-control signal to Q4 rises from — [5 V to + 6V, 
clamping the base of Q1 to ground and preventing further input signals to the memory. 
At some time within the next 400 us, a ready signal is received and the ‘“‘current-control” 
voltage rises rapidly from — 15 V to + 6 V, allowing the constant current to recharge Cl. 
The voltage on C1 rises until diode CR1 comes into conduction, At this point, the 
current discriminator receives current from Q3 and triggers to indicate that condenser Cl 
has been recharged. 

The 1-mA current that is switched off by the low-level discriminator does not have 
to be accurately controlled, since the capacity memory is charged while this current is 
switched off and the recharge of C1 occurs while the linear gate is closed (with the 
collector of Q4 clamped to earth). In neither case does the standing current affect the 
results. The sole function of this switched current is to bring the memory-charging 
circuit into its linear region even for small analogue input signals. The zero-adjust 
control is usually adjusted to provide a fixed pedestal equal to three channels, which 
is cancelled by rejecting the first three code pulses, in order to improve the linearity 
for small input signals. 
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The constant current supply is shown in Fig. 7. A germanium pnp-transistor has 
been used because of difficulties experienced in obtaining pnp silicon types. In the 
circuit arrangement shown the effect of high leakage in the pnp-germanium transistor 
is reduced by the product of the current gains in Q2 and Q3. 


0+30V 


100-pA OUTPUT 
{-15 Vto4+8V} 


% 65204 - 5S-Vv ZENER DIODE 
QI 2NI305 Ge 
02 2N338 Si 
Q3 2NI247 Si 
Fig. 7 
Constant current supply 


The main source of instability is still due to changes in leakage of QI. However, 
for a leakage change of 50 uA, or eight times the manufacturers specified maximum 
at 25°C, the output current should change by only 1 uA. Changes in junction voltages 
should produce smaller effects. 


In temperature tests done with two different units an increase in temperature from 
25°C to 60°C produced an increase in a 100-~A output current of less than 1%. 

The crystal-controlled oscillator and the digital-switching circuits are not critical 
in design and will not be described. 

A biased amplifier circuit has also been included in each encoder. Up to 9 V of an 
input signal can be clipped with a diode-biasing network and the remaining signal can be 
amplified by 1, 2, 5 or 10 before encoding. The bias and gain of the amplifier are controlled 
by diode switches to allow remote control from the display panel. 


IV. The display and control unit 


The display and control unit uses a direct-view cathode-ray storage tube which can 
give a live display during, data accumulation. Since the display tube remembers and 
displays every spot written on its storage surface, the live display is independent of 
counting rate and therefore useful even with the low counting rates expected from 
coincidence experiments. The storage tube produces a histogramme display while 


*y 
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events are accumulated rather than just the points at the top of the histogramme as 
in cyclic display schemes. Thus a more realistic picture of the nature of the data is 
presented. 


The memory display-tube also offers advantages in the way the sorted data can bé 
presented after the counting period is terminated. For example, one group of channels 
can be written on the tube and examined, then a second group can be written on the 
display for comparison. Similarly, several ranges for the same group of channels can be 
presented and remain together on the display tube. 


The information from the store unit is sent to the display unit in digital form..The 
digital-to-analogue conversion is done in the display unit so that if new display schemes 
arise, no changes will be required in the main store unit. 

Fig. 8 is a simplified block diagram of the display and control unit; only the circuits 
involved in the generation of the display are shown. In this display the horizontal 
deflection is made proportional to the number in the two scale-of-ten address registers. 
Thus the horizontal deflection always displays a group of 100 channels. The vertical 
deflection is manipulated and made proportional to various combinations of the two 
scale-of-three address registers and the count scaler giving complete coverage of all 
the 900 channels and their accumulated contents. 


BACK- OFF 
CONTROL RASTER COUNT 
AMPL! 


AMPLITUDE 


OIGITAL 
‘SIGNALS 
FROM 


STORE 
UNIT 


DISCRIMINATOR 
BLANKING 
BRILLIANCE 


DIODE CHOPPER 


Fig. 8 
Block diagram of display unit 


In the horizontal deflection circuits the eight bits from the —- 10Y and —- 10X registers 
are converted to a 100-level output current which is chopped at a time determined 
by the display trigger from the store unit. The resulting pulse is amplified and fed to 
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the horizontal deflection plates of the storage tube. The 16 bits from the add-one scaler 
of the store unit are manually selected eight bits at a time by the count-range switch. 
The selected bits are converted to a 128-level output which is again chopped and amplified. 
The scale-of-three codes are converted to an analogue current which will be called 
the “raster” analogue. This signal represents the nine different groups of 100 channels 
that are displayed. In one mode of display, each increment of raster analogue current 
produces one ninth of full vertical deflection. This current is added to the count analogue, 
thus producing a display of all 900 channels and their contents. Full scale for the count 
is only one-ninth of full tube deflection. 


To obtain full tube deflection for a 100-channel distribution, the raster-increment 
analogue signal is made large enough to deflect the writing beam off the tube and the 
count analogue’s full scale deflects the full useful distance up the tube. This in itself 
would only be able to display the first 100 channels. The addition of two discriminators 
and a variable raster back-off current source enables the system to display any group 
of 100 channels. 


Suppose the back-off current was set at Ig = 3 units, then if the raster analogue 
current is 0, 1 or 2 units, a positive current flows into discriminator | whose output 
holds off the brilliance gate. If the analogue current is 3 units then no blanking occurs 
and no raster voltage is generated. If the analogue current is 4 units or greater then 
discriminator 2 is triggered, again inhibiting the brilliance pulse. Thus only the fourth 
group of 100 channels will be written on the display tube. Similarly any group can be 
displayed by changing the back-off current selector. If all nine groups are to be displayed 
simultaneously with full amplitude for the count analogue, the raster analogue is 
switched out. 


Provision is also made to display three groups of 100 channels covering the whole 
display tube surface. Again any three groups can be displayed using the scheme as 
described above. 


V. Concluding remarks 


Although this instrument is designed primarily for coincidence-correlation measure- 
ments, experiments involving inputs from several counters can be handled. For example, 
the outputs from eight counters can be linearly mixed into the B input while a discrete- 
level analogue pulse, representing the counter number, can be put into the A input. 
The window switches can then be set to separate the pulses on the B input into the 
appropriate sub-groups. The group of channels corresponding to the A distribution 
would contain the integrated counts for the eight counters. The pulses from all eight 
counters would be analysed on a “‘first-come, first-serve” basis. Digital selection of 
the group number can also be done using the programme connector input to the address 
register. 

Another mode of operation provided is the ability to analyse the A-pulse without 
requiring a coincidence with a B-pulse. This facility aids the operator in setting up the 
window selection switches. 

The accumulated counts in the pulse amplitude analyser are read-out [1] on to paper 
tape by a 60-cps punch, the final plotting and typing of the results being done by reading 
the paper tape. The paper tape format is suitable for the Datatron computer used at 
Chalk River. 
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Abstract — Résumé — AnnoTanua — Resumen 


Problems raised by pulse analysers — functional multi-dimensional analysers. Experimenters 
are making increasingly frequent use of analysis units by which a function of several parameters 
can be obtained (the number of parameters and the relative precision of each of them being 
variable from experiment to experiment). Present-day analysers are poorly suited to the steadily 
growing complexity of experiments. There are several reasons for this: the number of possible 
parameters is far too small (unblocking only on 100-channel and 256-channel analysers) as 
is also their capacity; this limitation considerably increases the accelerator time; sometimes 
the poor “‘yield’’ of these analysers makes the experiment impossible; moreover, being designed 
in a single “‘block’’, they are lacking in flexibility for use. 

During 1958—59 a multi-dimensional apparatus limited to 2 paths of 63 channels was studied 
and built. The various essential functions are separated: analysis, transfer (multi-dimensional 
operation), utilization of results. 

At the SEG, Messrs. Amram, Guillon and Thénard are designing and building a multi- 
dimensional analyser, 1023 channels by 63 channels (for the neutron velocity measurement 
group of the SPNBE). 

In order to deal with the above-mentioned limitations, the electronics laboratory of the 
SPNBE is also developing a functional multi-dimensional analyser, in which the transfer function 
itself has been broken down into units (interrupter, non-integrator memory, conditioner and 
computer). Like the limits defining the paths, the types of units selected vary in accordance 
with the requirements and complexity of the experiment (standard interfunctional language). 


Problémes posés par les analyseurs en impulsions — Analyseurs multidimensionnels fonctionnels. 
Les expérimentateurs utilisent de plus en plus fréquemment des ensembles d’analyse permettant 
d’obtenir une fonction de plusieurs paramétres (le nombre de paramétres pouvant varier d’une 
expérience a l’autre ainsi que la précision relative de chacun de ceux-ci). Les analyseurs actuels 
se prétent mal 4 la complexité toujours croissante des expériences et ceci pour de nombreuses 
raisons: le nombre de paramétres possibles est beaucoup trop réduit (déblocage seulement 
sur les analyseurs 100 et 256 canaux) ainsi que leur capacité; cette limitation multiplie con- 
sidérablement le temps d’accélérateur; parfois l’expérience est rendue impossible par le mauvais 
«rendement» de ces analyseurs; par ailleurs, étant concgus en un seul «bloc, ils manquent de 
«souplesse» d’utilisation. 

Un appareil multidimensionnel limité 4 2 voies de 63 canaux a été étudié et construit en 
1958—59. Une séparation est faite entre les différentes fonctions essentielles: analyse, transfert 
(fonctionnement en multidimensionnel) et exploitation des résultats. 

MM. Amram, Guillon et Thénard étudient et construisent 4 la SEG un analyseur multi- 
dimensionnel 1023 canaux x 63 canaux (destiné au groupe de mesures de vitesses de neutrons 
de la SPNBE). 

Par ailleurs, afin de répondre aux limitations précédemment formulées, le laboratoire d’électro- 
nique de la SPNBE réalise un analyseur multidimensionnel fonctionnel, ot la fonction de 
transfert a été elle-méme décomposée en unités (rythmeur, mémoire non intégratrice, con- 
ditionneur et calculateur). Les types d’unités choisies sont, comme les limites définissant les 
voies, variables en fonction des besoins et de la complexité de l’expérience (langage standard 
interfonctionnel). 
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TIpoG6emnl, BO3HHKaloume B CBA3H C HCHOb30BaHHeM AHAIH3ATOPOB HMIY/IbCOB — dYHKUHO- 
HaJIbHbIe | MHOFOpa3sMepHble anasmM3saTophi. Bce yale 3KCHepHMeHTaTOphl TMOAb3YIOTCH 
aHaJIMTHYeCKMMA CHCTeEMaMH, AalOWAMA BO3MO%KHOCTh DONYYATh *PYHKMIO MHOTHX Mapa- 
MeTpos (4HCIO MapaMeTpOB MO2XKET H3MEHATLCA B 3ABMCMMOCTH OT XapakTepa OMBbITa, a TalkoKe 
OT TOYHOCTH ero MWposezenua). CoBpeMeHHble aHau3aTOPbl HEAOCTAaTOYHO COOTBETCTBYIOT 
BCe BO3pacTalolleli CMOXHOCTH OMBITOB, HW. 3TO MpOMCXOZHT 10 MHOrHMmM fpwivHaM: 4uc0 
BOSMOXKHBIX MaPAMETPOB CIIMINKOM He3Ha4HTeIbHO (ZeOOKMpOBAaHMe NpoM3s0HTCA TOMbKO 
B aHasM3aTopb co 100 wu 256 kaHanaMu). STO OfpaHWyeHve 3HAYMTEIILHO yeesIM4MBaeT BpeMsA 
MCHONb3OBaHHA yckopuTesa. MAxnorga mpopeyeHve ObITa CTaHOBHTCA He€BO3MOXHBIM H3-3a 
WIOXxoK ,,oTHauM: STUX aHaNM3aTOpOB. Mnorga u3-3a ux COOpKH B OAMH euHcrBeHHbI ,,610K* 
MM He XBaTaeT ,,rHOkKocTU’ B HCOONb30BaHHH. 

ABTOPLI “3Y4HIM HK HOcTpounn B 1958—1959 roqax MHOTOpa3MepHY!O YCTAHOBKY, OrpaHi- 
4eHHYIO ABYMA TyTAMH TO 63 KaHaya KaxubIi. pow3peqeHo pa3zaesienue MexKLY OCHOBHBIMH 
pa3yIMYHEIMH dyHKOMAMH: pa3BepTKa, Mepegaya (MHOrOpa3sMepHbii pexum), UCHOIb30BaHHe 
pe3yJIBTaTOB. 

Tocnona Ampam, [nuiion u Tenap u3yv4atot u crpoat B Cexuwu o6ujeli sek TpOHHKH MHOTO- 
pa3MepHbIit aHanu3atop c 1023 KananaMu X 63 KaHasa, KOTOPLIM NpeqHa3HayieH AA DCpynmpr 
W3MepeHHa CKOpocTH HeiiTpOHoB. 

Kpome Toro, aa toro, wro6sr oG6oTH paHee BbICKa3aHHble OrpaHW4eHuA, aBTOPEI CTPOAT 
B 93e€KTPOHHOK maGopaTopuH MHoropa3MepHbIt dyYHKUMOHAIbHEM aHasu3aTop, KOTOpbIli 
pa3paG6aTbiBaeTCA M0 CIeXYION[HM OCHOBHBIM 3a7aHHAM: Kak WM TIpeAbIAyuMi THU, STOT analH- 
3aTOP pazMesi#eTCA B COOTBETCTBUM C TPeMs BbIWeykasaHHbIM (yHKUMAMU, HO Cama cbyHKIMA 
Hlepegaum Oba pa3sO6uTa 10 OTACNbHbIM OnoKaM (xpoHH3aTOp, HeMHTerpupyioliee 3am0MH- 
Hatolllee YCTpoiicTBO, KOHAMUMOHEp WM BLIYHCHMTebHOe ycTpoiicrBo). BpiGupaemMble THIbI 
6nokop, Kak MH ONpeyeAOWUIMe NYT MpeweNbl, W3MeHAIOTCA B 3aBHCHMOCTH OT TOTpeOHocTeli 
MW CIIOKHOCTH ONbITa (MexK®YHKUMOHAbHBIM CTaHaapTHbIit KOM). 


Problemas planteados por los analizadores de impulsos — Analizadores multidimensionales 
funcionales. Los investigadores emplean cada vez con mayor frecuencia conjuntos analizadores 
que permiten obtener una funcidn de varios pardmetros (el numero de pardmetros y la precisién 
relativa de cada uno de ellos puede variar de un experimento a otro). Por muchas razones, 
los analizadores actuales no se prestan bien para los experimentos, que son cada dia mas 
complejos: el numero de pardmetros posibles es excesivamente pequefio (desbloqueo sdlo 
en los analizadores de 100 y 256 canales) y también lo es su capacidad; esta limitacién multiplica 
considerablemente el tiempo de acelerador. Algunas veces, el bajo “rendimiento” de estos 
analizadores hace imposible el experimento; ademas, al estar concebidos en un solo “bloque’’, 
son poco adaptables a los diversos modos de empleo. 

En 1958—59, se estudié y construy6 en Saclay un aparato multidimensional limitado a 2 vias 
de 63 canales. Se establecié una separacién entre las diversas funciones esenciales: andlisis, 
transferencia (que funciona en multidimensional) y elaboracién de los resultados. 

Los Sres. Amram, Guillon y Thénard estén estudiando y construyendo en Ja SEG un 
analizador multidimensional de 1023 x 63 canales (destinado al grupo de medicidn de velocidades 
neutrénicas de la SPNBE). 

A fin de superar las limitaciones formuladas mds arriba, en el laboratorio de electrénica 
de la SPNBE, se esté construyendo un analizador multidimensional funcional, en el cual la 
funcién de transferencia esta a su vez subdividida en unidades (ritmador, memoria no integradora, 
acondicionador y calculadora). Igual que los limites que definen las vias, los tipos de unidades 
elegidas varian segtin las necesidades y la complejidad del experimento (idioma normal inter- 
funcional). 


‘Principe 
PROBLEMES PHYSIQUES ABORDES 


Soit un événement a étudier, une réaction nucléaire par exemple. L’expérimentateur 
s’*intéresse généralement 4 un grand nombre N de paramétres: énergie de la particule 
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induisant la réaction, énergie des produits de la réaction, etc. L’analyse expérimentale 
idéale consisterait 4 enregistrer tous les processus survenant, 4 mesure qu’ils se produisent, 
avec les valeurs de N paramétres qui leur correspondent, c’est-a-dire 4 traiter ces para- 
métres comme des variables dont les valeurs sont déterminées par des numéros de 
canaux, puis 4 trier parmi ces renseignements ceux qui sont relatifs 4 certaines valeurs 
plus particuliérement intéressantes des paramétres. 


Limitation d’appareillage 


En général, les appareils d’analyse conventionnels ne sont pas, sauf au prix d’une 
complication et d’une lourdeur peu souhaitables, en mesure de prendre en considération 
plus d’une variable, les autres caractéristiques du processus restant a l’état de N-1 para- 
métres, notés tout au long de l’enregistrement expérimental. On étudiera par exemple 
le spectre en énergie d’un rayonnement gamma produit par la réaction considérée, 
pour des valeurs déterminées des paramétres: énergie de la particule incidente, énergie 
d’un autre rayonnement gamma émis en coincidence, angle des deux rayonnements 
gamma émis, retard éventuel entre l’arrivée de la particule incidente et l’émission des 
produits, etc. 


Lanalyseur multidimensionnel supprime cette limitation 


Dans les limites d’une capacité globale d’enregistrer les informations, l’analyseur 
multidimensionnel va prendre en considération n variables (analyseur 4 n dimensions) 
pour des valeurs déterminées des (N-n) paramétres restants. L’enregistrement d’une 
seule expérience effectuée auprés d’un accélérateur pendant le temps T fournira dans 
une «mémoire non intégratrice» (bande magnétique dans notre cas) l’ensemble des 
spectres des n variables. Dans une deuxiéme phase, l’expérimentateur posera une série 
de Q questions 4 la mémoire: la réponse 4 chacune de ces questions exigera la lecture 
de la mémoire pour une des x variables, les (7-1) autres passant 4 l’état de paramétres 
dont les valeurs figurent dans Pénoncé de la question. L’opération de lecture demande 
un temps ¢. Ainsi, alors que pour répondre a ces Q questions par les moyens con- 
ventionnels, il aurait fallu procéder 4 Q analyses, donc immobiliser la source de rayonne- 
ments pendant un temps Q7, il suffira ici du temps F d’enregistrement, suivi, au besoin 
dans un autre lieu, d’un temps Q¢ de lecture, pendant lequel, d’ailleurs, d’autres enregistre- 
ments peuvent étre effectués. I] en résulte un accroissement considérable du rendement 
des installations (en particulier les accélérateurs), surtout si, comme c’est souvent le 
cas, on a Tt. 


Avantages de l’analyse multidimensionnelle 


a) Gain de temps. 


b) La stabilité des appareils au cours de l’expérience et leur monitorage en sont 
facilités d’autant. 


c) Conservation des faits expérimentaux et de l’ordre dans lequel il se sont déroulés. 
La lecture n’altére pas l’enregistrement. 


d) Des questions supplémentaires, auxquelles l’expérimentateur n’avait pas songé en 
préparant l’expérience, mais qui lui sont suggérées par les premiers résultats ou par 
d’autres considérations, peuvent étre posées ultérieurement sans procéder 4 une nouvelle 
expérience. 
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e) Une lecture étendue de la «mémoire non intégratrice» peut révéler des faits 
insoupconnés. 


Réalisations d’appareillage pour analyse multidimensionnelle 
ANALYSEUR .A 2 VOIES DE 63 CANAUX (TYPE 2 x 2) 


Cet appareil [1] [2] a été construit en 1958. Contrairement aux analyseurs (temps 
ou amplitude) conventionnels, il ne se présente plus sous la forme d’un «bloc» immuable 
lourd dans son implantation et dans son utilisation. 

En effet, son «découpage» a été fait suivant une décomposition en trois fonctions 
essentielles : 


Analyse 


Cette fonction assure la conversion analogique/digitale des informations a analyser. 


Transfert — traitement des informations 


L’expérimentateur utilise cette fonction pour ne transmettre a la fonction suivante 
que les informations conditionnées par certaines valeurs paramétriques. 
Cette unité utilise un dérouleur 4 bandes magnétiques 2 x 6 digits. 


Exploitation des résultats 


Cette fonction (ici la mémoire 4 tores d’un sélecteur 100 canaux) intégre les informa- 
tions précédemment traitées et fournit 4 l’expérimentateur sur une bande de papier 
les résultats numériques de I’expérience pour un conditionnement déterminé. 


ANALYSEUR 1023 X 63 CANAUX (TYPE 2 x 3) 


Cet appareil spécialement concu pour les expériences de neutronique de la SPNBE 
est actuellement réalisé par MM. Amram et Thénard dans le laboratoire dirigé par 
M. Guillon. Le détail en est donné par ailleurs [3]. 


ANALYSEUR MULTIDIMENSIONNEL FONCTIONNEL (TYPE AMF1) 


Comme nous|’avons vu précédemment, la complexité toujours croissante des expériences 
de physique a rendu les appareils lourds, difficiles 4 entretenir et, par suite, 4 utiliser. 

Une premiére décomposition suivant les trois fonctions vues précédemment a permis 
de remédier partiellement 4 ce probléme, mais l’extension des possibilités d’analyse 
vers des expériences de types et d’importance trés différents ne pouvait étre rendue 
possible que par une rationalisation plus poussée des unités d’analyse, de traitement, 
d’exploitation et l’adoption d’un code «inter-unité standard d’un bout a l'autre de 
la chaine. 


Code standard «inter-unités» 


Afin d’augmenter la souplesse d’utilisation de l’ensemble d’analyse, nous avons 
adopté un code digital standard en temps, forme d’impulsions, tensions, polarité et 
connecteurs. De toute facon, il est possible de raccorder trés facilement n’importe 
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quelle unité 4 n’importe quelle autre unité. Par exemple, il sera possible de raccorder, 
pour une expérience simple l’unité d’analyse a celle qui permet d’exploiter les résultats; 
ainsi sera reconstitué un analyseur conventionnel. Suivant la complexité de l’expérience 
et ses nécessités, on pourra, au contraire ajouter une ou plusieurs unités: rythmeur, 
mémoire non intégratrice, conditionneur, calculateur, etc. 


Nature. Nous avons adopté le code binaire pur, car il est, 4 notre connaissance, celui 
qui permet, par la définition de deux états, d’avoir la plus grande capacité pour le 
minimum de «digits» ou «poids». D’autre part, le binaire pur est relativement facile 
a manier et a convertir. 


Forme. Deux solutions sont possibles: a) le code série ou les digits constitutifs de 
Vinformation sont acheminés sur un seul canal et ot ces digits sont espacés dans le 
temps d’une certaine valeur; 5) le code paralléle ot: p digits constituant l’information 
sont acheminés au méme instant sur p canaux distincts. 


a) Code série. 


Avantages: organes relativement peu nombreux, capacité illimitée. 


Inconvénients: les relations ou conditionnements sur une information sont difficiles 
a réaliser (distribution des événements au hasard dans le temps), la standardisation 
du code inter-unités et son maniement sont également difficiles, il se préte mal 4 une 
succession trés rapide des informations dans le temps, les pilotages sont fastidieux, 
Punité mémoire 4 bandes magnétiques devrait, pour des taux de comptage élevés, 
défiler 4 des vitesses inadmissibles pour un ruban. 


b) Code paralléle. 


Avantages: relations et conditionnements d’informations relativement faciles, 
standardisation commode du langage inter-unité, pilotage relativement facile 4 la 
fonction analyse, succession trés rapide de deux informations successives, les vitesses 
des bandes de l’unité magnétique sont compatibles avec la grande majorité des expériences. 

Inconvénients: les différents organes nécessitent davantage d’éléments d’un méme type, 


la bande magnétique de l’unité mémoire est plus onéreuse parce que plus large, capacité 
limitée par le nombre de canaux. 


Compte tenu de ces différents aspects, nous avons donc adopté le code binaire pur 
paralleéle pour une capacité maximum de 15 digits. Pour une capacité supérieure 
(28 digits), le méme c8de est utilisé de facon séquentielle (deux groupes de 14 en série). 


Afin de travailler dans les meilleures conditions de sécurité, chaque groupe de digits 
constituant l’information est juxtaposé (toujours en paralléle) 4 un digit de référence. 
Ce digit facilite les opérations de mise en mémoire sur bandes magnétiques ainsi que 
les divers traitements des informations. 


Unités fonctionnelles 


Unité analyse. C'est la seule unité qui est changée ou modifiée suivant le type 
d’expérience. Son réle est de prendre en considération Il’événement 4 analyser et de 
lui attribuer une grandeur qui est exprimée dans le code standard précédemment défini. 
L’unité «analyse» peut comprendre plusieurs «analyseurs» (convertisseur d’amplitude 
analogique-digital, convertisseur de temps, etc.) donc plusieurs voies. C’est sur ces 
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voies, qui peuvent représenter différents paramétres, que I’expérimentateur peut, lors 
du traitement d’information, choisir des valeurs particuliérement intéressantes. 

Suivant que Panalyseur est utilisé en multidimensionnel ou multivoies, et suivant 
la nature des paramétres mis en jeu dans l’expérience, cette fonction peut avoir une 
structure trés différente. C’est ainsi que l’on peut travailler: . 

En multidimensionnel: a) analyse des seuls événements en corrélation; 5) analyse 
des événements de toutes les voies (paramétriques ou non) avec marquage des informa- 
tions provenant d’événements en corrélation. 


En multivoies non corrélées (exemple: amplitude): a) utilisation d’un seul con- 


vertisseur analogique digital avec marquage paralléle de chaque voie; 6) utilisation 
d’un convertisseur par voie avec marquage paralléle de chaque voie. 


Unité rythmeur. Cette unité sert 4 rendre sensiblement périodiques les informations 
réparties au hasard dans le temps en provenance de l’unité analyse (fig. 1). Elle permet 
d’augmenter le rendement de I’ensemble en méme temps que la sécurité, tout en 
diminuant considérablement le temps de résolution de Il’ensemble. 


JOSCILLATEUR| 
iG 


9 DIGIT “REFERENCE” 


BASCULES 
BASCULES RAPIDES 


Figure 1 


Schéma de principe de l’unité rythmeur. La matrice est ici réduite 4 3 x 3; Ja remise 4 zéro 
n’est pas figurée. 


L’élément mémoire de cette unité est composé de 8 lignes de 16 diodes tunnels T 1976. 
Chaque diode tunnel est attaquée a travers deux résistances en deux 1/2 courants (courant 
ligne-courant colonne). Les états de ces diodes tunnels sont donnés par des transistors 
saturés ou bloqués suivant que les diodes qui leur sont relatives ont été basculées dans 
Vétat 1 ou 0. 
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La mise en évidence de l’une seule de ces 8 lignes (extraction de information) a lieu 
par commutation a partir d’un signal unique de commande des bases de 16 transistors ; 
de cette ligne (fig. 2). 


SORTIES COUPLEES 


ORORE DE SORTIE 
D‘INFORMATION 


REMISE A ZERO 


Figure 2 
Elément mémoire. 


Suivant que le rythmeur travaille en 14 ou 28 digits, le nombre d’étages mémoire en 
service est de 6 ou 3, ce qui pour un taux de perte de 1% a l’entrée correspond a des 
rapports fréquence moyenne d’entrée/fréquence d’extraction, de 0,45 et 0,75 [6]. 

Les diodes tunnels aménent apparemment une certaine complexité. En fait, elles 
permettent des temps de résolution de l’ordre de 2 4 3- 10-7 seconde sans aucune 
difficulté. 

D’autre part, il n’y a aucune interaction entre la sortie et l’entrée, de sorte que l’on 
peut simultanément inscrire une information sur une ligne et en extraire une deuxi¢éme 
sur une autre ligne. 

Par ailleurs, les organes de pilotage et d’interdiction sont simples. La puissance 
fournie par les transistors de lignes et de colonnes est relativement faible. 

Tous ces avantages ne se retrouveraient pas si l’on utilisait une matrice de tores a 
cycle d’hystérésis rectangulaire. 


Unité mémoire non intégratrice 


Conformément au code standard précédemment défini, cette unité comporte 16 canaux: 
15 digits «poids» plus un digit référence (fig. 3). Son rdle consiste uniquement a enregistrer 
sans les intégrer les différentes informations, et a les restituer sans leur faire subir aucun 
traitement mais 4 une vitesse souvent plus élevée (1,52 et 3,04 m/s). 

Le dérouleur utilise de la bande de 2,54 cm de large. Six vitesses sont actuellement 
utilisées. 

Le procédé «modulation de phase» + ®—@ a été retenu, car il permet la plus 
grande sécurité de fonctionnement, la détection des erreurs et le rejet des informations 
fausses. Par ailleurs, l’expérimentateur n’a pas a effacer les enregistrements précédents. 

La densité d’enregistrement est de 8 digits par millimétre. 


Unité conditionneur. C’est a partir de cette unité que l’expérimentateur peut traiter 
les informations: il choisit et y affiche les différentes valeurs des paramétres définissant 
un type d’informations. Les informations transmises 4 l’unité suivante correspondent 
donc aux conditions affichées (fig. 4 et 5). 
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Figure 3 
Enregistrement sur bande magnétique et lecture. 


Ce conditionneur comprend 28 canaux paralléles décomposés en: 


a) Un étage registre d’entrée qui peut mettre en mémoire provisoire le digit correspon- 
dant du code standard inter-unité. 

b) Deux étages de comparaison, ces circuits étant ceux sur lesquels sont affichées 
les valeurs supérieures et inférieures des nombres ou zones paramétriques. Ces organes 
sont des «ou exclusifs» attaqués en paralléle, d’un cété par leurs circuits d’attaque 
respectifs et de l’autre par le registre d’affichage du chiffre 0 ou 1 (l'ensemble de ces 
chiffres constitue les limites de comparaison affichées par le physicien). Deux groupes 
de «ou exclusifs» sont ainsi utilisés, l'un pour les limites inférieures et l'autre pour 
les limites supérieures. Ces «ou exclusifs» de chaque groupe sont couplés en série de 
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Figure 4 
Unité conditionneur. 
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Figure 5 
Logique du conditionneur. 


facgon telle que la comparaison des nombres issus de l’unité précédente aux nombres 
affichés en référence se fasse 4 partir des «poids» les plus élevés. Dés que I’un des circuits 
«ou exclusifs» détecte une inégalité, il a, par 14 méme, déterminé si le nombre 4 comparer 
est plus grand ou plus petit que le nombre référence et les circuits «ou exclusifs» suivants 
sont bloqués. L’expérimentateur peut afficher 4 son gré plusieurs paramétres. La 
détermination des capacités de chaque paramétre et de leur nombre (limites flottantes) 
est faite en coupant les blocages série des «ou exclusifs» correspondant aux limites 
demandées. L’analyseur peut ainsi, pour une capacité totale de 28 digits, étre découpé 
suivant plusieurs limites qui peuvent étre déterminées suivant l’expérience a la fois 
dans leur nombre et leurs positions. 


c) Un étage de sortie qui dans les cas simples délivre ou non en sortie l'information 
suivant que l’autorisation en est donnée par létage conditionneur. 


Unité de calcul. Cette unité est actuellement en cours d’étude. Elle sera composée 
de plusieurs éléments, toujours interconnectés dans le code standard inter-unité, de 
fagon telle qu’il sera possible d’adapter l’importance de l’unité calcul au volume et 
aux nécessités de calcul de l’expérience. 

L’ensemble calculateur est utilisé en association étroite avec un ou plusieurs 
conditionneurs. 

Cet ensemble se compose des éléments suivants: 

a) Additionneur — soustracteur paralléle; 

b) Multiplicateur rapide paralléle; 

c) Registres et circuits de sortie conditionnés. 

Le réle de ces derniers éléments est de mettre éventuellement en réserve une information 
pendant le temps que nécessite son traitement. Cet élément peut étre purement et 
simplement remis 4 zéro au bout d’un temps 0, auquel cas il ne délivre rien en sortie. 
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Au contraire, il peut recevoir 4 partir d’autres éléments de calcul, en un temps inférieur 
a 0, Pordre de délivrance en sortie de information mise en réserve dans le registre. 

Ainsi, l'association d’un nombre plus ou moins grand d’éléments calculateurs permet 
@’effectuer un certain nombre d’opérations sur des informations ou fractions d’informa- 
tions non intégrées. Ce dernier point est trés important, car il est pratiquement impossible, 
quelle que soit la puissance de la machine a calculer utilisée ensuite, de remonter 4 de 
telles possibilités et 4 partir d’informations intégrées dans la derniére unité: Pexploi- 
tation des résultats. 


Afin de faciliter certaines opérations, nous pensons utiliser un programme réduit 
pour piloter ces divers éléments calculateurs. 


Unité exploitation des résultats. Dernier maillon de la chaine, cette unité est constituée 
dune mémoire d’intégration a tores (cycle d’hystérésis rectangulaire). Le nombre 
d’adresses possibles est actuellement de 1024. Il sera trés prochainement porté a 4096. 


La capacité par adresse est de 105 coups. 


Le contenu de cette mémoire finale peut étre utilisé sous trois formes différentes: 
a) un tube cathodique donnant la courbe N (nombre de coups en ordonnées), et fonction 
de l’adresse (numéro du canal en abscisses); 5) une tension analogique proportionnelle 
4 N utilisable avec un traceur de courbe XY; c) une bande perforée en code international 
qui permet d’obtenir sur une petite tabulatrice les résultats exacts, et peut également 
étre utilisée pour adresser ces résultats 4 une machine a calculer dont le réle sera 
d’effectuer des calculs sur le spectre final lui-méme. 


Unités auxiliaires de liaison 


a) Commutateur digital. Cet organe est éventuellement utilisé dans l'unité analyse. 
Il sert 4 traduire dans le code standard inter-unités les informations obtenues en sortie 
de plusieurs analyseurs proprement dits montés en paralléle. 

6) Convertisseur 14 / 28 digits. Lorsque l’analyseur est utilisé en 28 digits de capacité 
totale, soit deux séquences de 14 digits, cette unité permet, par la conversion paralléle 
séquentiel / paralléle, d’utiliser toujours dans le code standard inter-unités les mémes 
unités rythmeur et mémoire non intégratrice. Les autres unités travaillent toutes sur 
la base 28 digits.” 

c) Commutateurs de translation. Composé d’une série de commutateurs, ce petit 
ensemble permet d’affecter 4 un canal digital quelconque n’importe quel poids, de sorte 
qu’il est possible de mettre en correspondance poids a poids 4 l’intérieur d’une méme 
information globale des fractions de cette information disposées «céte a céte» durant 
leur transfert dans les unités rythmeur et mémoire non intégratrice. 


La figure 6 montre trés succinctement les possibilités minimum et maximum de cet 
analyseur multidimensionnel fonctionnel. 
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Possibilités d’association minimum et maximum des unités fonctionnelles. a) Utilisation @unités 
fonctionnelles dans le cas le plus simple. 5) Utilisation en multidimensionnel; en association 
avec lunité de calcul. 
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AN AUTOMATIC DATA-TAKING SYSTEM 
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Abstract — Résumé — Annotanna — Resumen 


An automatic data-taking system. A system has been constructed which makes it possible to 
do a series of measurements with the automatic use of a pulse-height analyser. Each of these 
measurements includes pulse-height analysis, recording of the experimental data and variation 
of parameters. The sequence of measurements is controlled by a prefixed and interchangeable 
programme. The programme is determined by the choice of connections on a removable patch- 
board. The system consists of a modified RCL-256-channel pulse-height analyser, ten fast 
binary scalers for the storage of parameters values, a punch-tape output including a parity 
check for all data and a control unit which can be programmed. 


Dispositif de traitement automatique des données. Les auteurs ont mis au point un dispositif 
qui permet de faire automatiquement une série de mesures au moyen d’un analyseur d’amplitudes. 
Chacune de ces mesures comporte l’analyse de l’amptitude d’impulsion, |’enregistrement des 
données expérimentales et la variation des paramétres. La succession des mesures est soumise 
au contréle d’un programme préétabli et interchangeable. Le programme est déterminé par le 
choix de connexions sur un répartiteur amovible. Le dispositif comprend un analyseur d’ampli- 
tudes 4 bande RCL-256, dix échelles binaires de comptage rapide pour l’emmagasinage des 
valeurs de paramétres, un organe d’extraction 4 bande perforée avec contréle de parité de toutes 
les données, et un organe de commande qui peut étre programmé. 


ABTOMAaTHYeCKad CHCTeMa IpHemMa MHcopmMaunH. Beina nocTpoena CHcTeMa, Jalolllas BO3MOXx- 
HOCTbh ABTOMATHYECKOTO NPOBCHCHHA CepHH H3MepecHHit Cc NOMOLIbIO aHaM3aTOpa AMIMJIMTYObI 
wMoysibcos. Kaxaoe 43 STHX W3MepeHvit BKIIIOYaeT aHaIH3 aMIMVIMTYAbI MMIYJIbCoB, 3allMcb 
SKCIEPHMCHTaJIBHEIX WaHHbIX WH MW3MepeHHe mapameTpos. TlocneqopaTenbHOCTh w3MepeHHit 
KOHTPpONMpyeTca C MOMOMIbIO 3apaHee YCTaHOBICHHOH H B3aMMOM3MeHsAeCMOM TporpaMMBI. 
IIporpammMa onpegensetca BbIGOpOM coexMHeHM Ha OCKe AIM BPeCMeHHBIX CxXeM Ha 
mitencenax. CucTeMa COCTOHT H3 MOZM@MUMpOBaHHOTO KaHasIbHOrO aHanM3aTOpa AMIJIATYAbI 
MMiyAbCoB PCL-256, mecaTu ObICTpHIX GHHapHbIX NepecueTHBIX YCTPOHCTB AVIA HaKOMIeHHA 
3HayeHHit NapaMeTpos, BbIXOLa AIA nephbopupoBaHHol JICHTHI, BKILO%aA KOHTPOJIbHOe ycTpoii- 
CTBO JIA BCeX BaHHbIX MW KOHTPOJbHEM OOK, KOTOPHIt MOxeT GbITb NpOrpaMMuHpoBaH. 


Sistema automatico de toma de datos. Los autores han construido un sistema que permite 
realizar automaticamente una serie de mediciones empleando un analizador de amplitud de 
impulsos. Cada medicién comprende andlisis de amplitud de impulsos, registro de los datos 
experimentales y variacién de pardmetros. El orden en que se efectuan las mediciones es controlado 
por un programa preestablecido e intercambiable, que se determina escogiendo las conexiones 
en un tablero de clavijas. El sistema consta de un analizador de amplitud de impulsos modelo RCL 
modificado, de 256 canales, de 10 escalimetros binarios rapidos para almacenamiento de los 
valores de los pardmetros, de una salida en cinta perforada que incluye una comprobacién 
de paridad para todos los datos, y de un aparato de control que puede ser programado. 


I. Introduction 
Counting experiments in general and scattering experiments in particular imply a 


number of similar measurements with a multi-channel analyser for different parameter 
values (e.g. the scattering angle). Under these circumstances automation can be useful. 
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Such an automatic system requires a provision to record the parameter values associated 
with each run and a control unit which governs not only the performance of the analyser, 
the output media and so forth, but also the adjustment of the parameters of the experi- 
ments. The automatic system described in this paper was built around a 256-channel 
RCL pulse-height analyser (vacuum-tube type 20611), The automatic system is presented 
schematically in the block diagram of Fig. 1 where the connections indicate the flow 
of information from the experiment to the recording units. 
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Fig. 1 
Schematic block diagram of the automatic data-taking system. New components are indicated 
with dotted lines. The connecting lines represent the flow of information 


Apart from the available multi-channel analyser the system contains new components 
numbered from 1 to 5 (drawn with interrupted lines). 


The construction of the automatic system implies: 


(1) Reorganization of the function control in the analyser and extension of the stop 
conditions; 


(2) Construction of a punch-tape unit with error code; 


(3) Construction of ten binary scalers (15 MHz, 20 digits) for the storage of parameters 
of the experiments; 


(4) Construction of systems with digital output for measuring the parameters of the 
; experiment; 


(5). Construction of a control unit with programming facilities. 


In many cases commercially available apparatus can be used for the units mentioned 
under point (4), such as shaft digitizers for angle measurements and digital voltmeters 
or scalers, The lack of standardization in coding and input and output pulse forms 
however, presents a drawback for the application of industrial apparatus. For this 
reason most units mentioned under point (4) as well as the scalers mentioned under 
point (3) were designed and constructed at our laboratory. The punch-tape unit (point (2)) 
was designed and built by N. V. Electrologica, Amsterdam. A parity bit is included 
on the 5-hole punch tape. The new function control and stop conditions of the analyser 
will be treated in some detail as well as the control unit including the programming 
of the system. 
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I. The function of the analyser 


The original version of the analyser featured a number of control switches which 
corresponded with certain electrical modes: the old functions. 


Operations desired by the experimentalist could only be effected by actuating a 
number of these control switches in a specified order. It is therefore desirable for 
automatic as well as for manual operation to combine such sequences of electrical 
operations into new functions. The old functions were adapted to the specific circuitry 
of the analyser while the new functions correspond directly to the performance of the 
analyser as desired by the experimentalist. A list of new functions and the corresponding 
groups of old functions from which they are formed is given in Table I. 


TABLE I 


THE COMBINATIONS OF OLD FUNCTIONS WHICH ARE GROUPED TOGETHER 
INTO NEW FUNCTIONS IN THE CONTROL OF THE ANALYSER 


New functions Old functions 
Accumulate Accumulate -+- Hold 
Selective storage Selective storage + Accumulate + Hold 
Display Display + Hold 
Test Test + Display + Hold 
Print Print + Hold + Set LTI print mode + Set LTI “9” 
Pen : Pen + Hold 
Punch 
Log display Log display + Display + Hold 
Log pen Log display -+- Pen + Hold 
Complement Complement + Display + Hold 
Data Shift Data Shift + Display + Hold 
Clear memory ‘‘0” Clear memory “0”? + Display + Hold 
Clear memory “65535” Clear memory “65535” + Display + Hold 
Set LTI ‘0’ Set LTI “0” 


The function “Punch” was lacking in the pulse-height analyser and is now incorporated. 
The groups of old functions are the combination of steps prescribed by the old operating 
manual to complete the operation listed under the heading ““New functions”. The old 
“Hold” function plays a special role, which is the reason that it appears in all combina- 
tions with one exception. By closing the old “‘Hold” switch, a disturbance of the memory 
contents during the switching of functions is prevented. The “Hold” switch is therefore 
only allowed to be open when the old functions are working but closed during all 
switching. 

The switching sequence is determined by this safety procedure. The sequence should 
be followed automatically if groups of old functions including the ‘Hold’ function 
are to be combined. As an example the combination of the old functions F,, F, and 
H (Hold) into a new function F is presented in the diagram of Fig. 2. 
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OLD FUNCTIONS NEW FUNCTION CONTROL 


Fig. 2 
Schematic diagram of the circuit which combines two old functions and the ‘Hold’ function 
of the pulse-height analyser into a new unit 


By closing S the new function F is switched on because the relays Pry, Pry and Py 
become energized which cause the old function switches to be operated. The RC-network 
(Ry, Cy) is included in order to delay the ‘‘Hold” function with respect to the other 
functions as required. The new function F is switched off by opening S. The capacitors 
Cp, and Cp, shunting the relay coils of Pp, and Pr, cause the functions F, and F, 
to be disconnected later than the “Hold” function. The capacitor Cy gives a negligible 
delay when S is disconnected because the RC-time in the “Hold” circuit is now determined 
by Cy and the small internal resistance of Gy. The new functions are assembled as 
indicated in Fig. 2. The block indicated with the dotted line which contains the old 
“Hold” function is common to 13 of the new functions. Certain of the other old 
functions are also common to various new functions. The common part of the new 
function circuits is then contained by the dotted line around F, or F,. The old function 
“Display” for instance occurs in 6 new functions. The diodes are used for connections 
in order to keep the new functions independent. 

The new arrangement simplifies manual operation of the pulse-height analyser and 
increases the scope of an automatic programme, because each programme point consists 
already of a number of old functions. 


ILI. Stop-conditions of the analyser 


The decision to stop accumulation of data in a pulse-height analyser is mostly taken 
on account of the total number of pulses accumulated in a certain region of an energy 
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spectrum (“preset count’’). The parameter value on which most pulse-height analysers 
can stop is the time elapsed during a run (“preset time”), If variations in counting 
speed occur “preset-count” is a better stop-condition than ‘preset time’. The time 
stop is, in this automatic system, a control to prevent excessive duration of a run. To 
measure the total collected charge during the run it is necessary to read out the beam 
integrator at the moment the accumulation stops. Because the reading of the integrator 
is in digital form it is desirable to delay the stop until the integrator reads out. This 
can be done by constructing a conditional stop: after the number of pulses in the chosen 
region has reached the prescribed value, the integrator determines the moment of 
stopping the accumulation. In Fig. 3 a schematic block-diagram of a set-up constructed 
along these lines is shown. The dotted line encloses the ‘‘preset time” unit: two 
discriminators (I and II) set on the output of two decade units of the ‘““Live-Time 
Indicator” provide signals to the ‘“‘and” gate 3, whose output pulse is able to stop the 
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Fig. 3 
Block diagram of the new stop conditions of the pulse-height analyser 


Switch S, is drawn in the position the analyser will stop conditionally as described 
above. To realize the ‘‘preset-count” condition the signals from the deflection plates 
of the cathode-ray tube of the analyser are used. In order to define the preset-count 
region the horizontal deflection signal is fed into a differential discriminator. The out- 
put of his discriminator is fed into gate 2. The vertical-deflection voltage indicating the 
channel contents is fed into a discriminator. The output of this circuit, indicated by 
“preset-count discriminator”, also reaches gate 2. To secure the right timing of this 
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discrimination, the read-pulse of the memory is fed into gate 2. Gate 2 gives an output 
pulse when the three input pulses are present. This information is stored with the aid 
of the bistable multi-vibrator 2 and coupled to the “‘and” gate 3. The pulses from the 
integrator are fed into gate 1, that is opened by the signal from the preset count line 
via Sic. The first pulse from the integrator after the opening of the gate triggers the 
bistable multi-vibrator 1 and stops the accumulation via ‘‘and” gate 1. By means of the 
four position switch S, the following stop-modes are possible: 
Position 1 ‘Preset charge”; 

2 Conditional stop (count and charge); 

3 “Preset count”; 


4 “Preset time’’. 


IV. The control unit 


The task of the control unit is to insure that the system performs a sequence of 
functions, changes the experimental parameters and recycles automatically. In this 
way a series of measurements, each following a prescribed programme, can be done. 
The programme is determined by making connections on a patchboard. The patch- 
board and the step control will be discussed in some detail. 


(a) THE PATCHBOARD 


Fig. 2 shows that a function can be activated by closing the function switch. For 
automatization a many-position switch could be used which connects the negative 
terminal of the generator Gr to the points Y of the function switches. To make pro- 
gramming possible the connections between the points Y and the terminals of the many- 
position switch are led over a patchboard. The switch in this automatic system has 
64 steps, so that there are 64 contacts (‘‘step contacts”) on the patchboard. This system 
is illustrated by the simplified block diagram of Fig. 4, where the thick lines represent 
the connections between the generator Gg and the various functions over the stepping 
switch and the patchboard. Each step of this sequence is specified by the connections 
made between the ‘“‘step-contacts” and the various other contacts on the patchboard. 
These other contacts consist of the 14 “function contacts” (listed in Table D, 7 “group 
contacts” which specify the part of the memory to be used and 5 “condition contacts”. 
These 5 “condition contacts” are used to stop the stepping switch until experimental 
parameters have been changed. The programming procedure consists of connecting a 
combination of ‘‘function”, “group” and “condition” contacts to each “‘step contact”. 
The programme repeats the cycle when all 64 tasks have been carried out. Cycles of a 
smaller number of steps can be chosen by means of a “‘reset contact” on the patchboard. 


(b) THE STEP CONTROL 


The stepping switch is controlled by a scale of 64, each configuration of the six binary 
stages corresponding to one switch position. The scale of 64 is driven by a pulse- 
generator so that the 64 “step contacts” of the patchboard are connected to Gp, one 
after the other. The timing of the steps cannot be determined by the pulse-generator 
alone, because the programme prescribes operations of varying duration. This is the 
reason for installing gate A so that the pulses from the 1-Hz generator can pass con- 
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1-Hz LIVE -TIME 
PULSGEN, INDICATOR] 
Fig. 4 
Simplified block diagram of the control unit of the automatic data-taking system 


ditionally. If no “‘condition contact” is connected on the patchboard one signal is always 
present on the coincidence-gate C. The activation of a function causes gate A to close, 
but the gates B and C to open. The gate A can then be opened again by signals from the 
“‘Live-Time Indicator” or the ‘‘Address-Scaler Overflow”. The ‘“‘Live-Time Indicator” 
incorporates the various accumulation stops treated earlier. The ‘‘Address-Scaler 
Overflow” gives a signal once a function has been performed which treats the analyser 
channels in numerical order (print, test etc.). Once gate A is opened again, the following 
generator pulse will cause the switch to step and the next programme point will be per- 
formed. The connection between gate C and the “condition” circuit makes it possible 
to close gate C so that a waiting period is created for changing the parameters of the 
experiment. 


Conclusion 


As has been indicated the modification of the analyser (function and stop control) 
has resulted in a more efficient manual operation of the instrument. With the construction 
of the control unit and the modification of the experimental apparatus to give digital 
output an automatic data-taking system resulted. The device saves time whenever an 
experiment consists of many similar runs. 
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1024-KAHAJIbHbIM BPEMEHHOM AHAJIV3ATOP 
HA MATHUTHOM BAPABAHE 
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u T. B. PykonaiHe 
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Abstract — Résumé — AnnoTauHa — Resumen 


A 1024-channel, magnetic-drum, time analyser. A 1024-channel time analyser with channel 
widths 0.2, 0.4, 0.8 and 1.6 us (-- 0.1 us) has been designed and built for work with a mechanical 
neutron chopper. Choice of the smallest channel width, 0.2 us, was determined by the minimum 
duration of neutron pulses obtained with the mechanical chopper. A magnetic-drum memory 
system with a fast electrostatic temporary memory was employed. 

The data on the magnetic drum is recorded on an automatic register and on standard punched 
cards, which enable it to be handled in any computer. 


Analyseur en temps 4 1024 canaux avec tambour magnétique. On a mis au point et construit 
un analyseur en temps 4 1024 canaux de largeurs: 0,2, 0,4, 0,8 et 1,6, + 0,1 us, permettant 
l'emploi d’un sélecteur mécanique de neutrons: La largeur minimum des canaux, 0,2 us, a été 
choisie conformément a la durée minimum de l’impulsion neutronique provoquée par le sélecteur 
mécanique. On a adopté un systéme de stockage sur tambour magnétique avec mémoire pré- 
liminaire rapide a potentioscopes. 

Les données sont transférées du tambour magnétique a la bande d’un enregistreur automatique 
et sur des cartes perforées d’un modéle courant qui permettent de les traiter a l’aide des calculatrices 
de tous modéles. 


1024-KaHaJIbHLI ~=BpeMeHHOM aHnalu3arop Ha MarHHTHOM GapaGaHe. CKOHCTpyupoBaH 4 
M3roToBeH 1024-KaHanbHbIi BpemMeHHO aHanM3aTOop c WupHHo kKaHazoB (0,2; 0,4; 0,8; 
1,6) -+ 0,1 MKcex., IpeqHa3HateHHbIi Wa paGorsl c MeXaHHYeCKHM UpepbiBatesiem HeiTPOHOB. 
MunuMasibHad DIMpHHa KaHasioB 0,2 Mkcek. BbIGpaHa B COOTBETCTBHM C MMHMMAaJIbHOK DJIMTesIb- 
HOCTbIO HeliTpOHHOTO HMMyibCa MexaHHM4ecKOrO Upeppipatesa. BeiGpana cHcTema naMaATH 
Ha MarHHTHOM OapaOaHe c mpeaBapHTenbHOK OpicTpoii mamMATbIO Ha MOTeHWMasOcKonax. 

Bpisog, aHHbIX C MArHHTHOTO 6apa6aHa TMpOH3BOAHTCA Ha JIEHTY CAMOIIMCIIA HW Ha CTAHDapTHble 
nepdokapThl, MO3BONAIOWIHe MpOH3BORuTb OGpaGoTKyY AaHHBIX Ha AHOOOH BLIYMCIIMTeEIbHOK 
MalinHe. 


Analizador de tiempo de 1024 canales con tambor magnético. Se ha disefiado y construido un 
analizador de tiempo de 1024 canales, cuyas anchuras son (0,2; 0,4; 0,8; 1,6) + 0,1 us; el aparato 
permite trabajar con un selector mecanico de neutrones. La anchura minima de los canales, 
a saber, 0,2 us, se adopté en atencién a la duracién minima del impulso neutrénico del selector 
mecanico. Se eligid un sistema de almacenamiento sobre tambor magnético con memoria 
preliminar rapida a base de potencioscopos. 

Del tambor magnético, los datos se transcriben a la cinta de un registrador automatico y 
a fichas perforadas de tipo corriente que permiten efectuar el andlisis de los datos con cualquier 
maquina calculadora. 


CxkoucTpyuposaH u M3roToBsIeH 1024-KkaHanbHbIi BPeMeHHOU aHasIM3aTOp Cc WMpHHON 
kaHasoB (0,2; 0,4; 0,8; 1,6) +- 0,1 mxcex, NpeqHa3HayeHHbIi Ana paOoTH C MexaHH- 
Y¥eCKHM DpeppiBpatenemM HeliTponos [1]. MusnmMasbHaa wHpwHa KaHayloB 0,2 MKceK 
BbIOpana B COOTBETCTBHH C MHMHMMaJIbHOM DJIMTeIbHOCTbIO HeHTPpOHHOTO MMIysIbca 
MeXaHH4yeckOro NpepprBatesa. Tlockonbky OObIMHbIe CXeMbI BPCMCHHBIX aHasIM3aTOPOB 
Ha 9JIEKTPOHHBIX JIMHAAX 320e€P%KKK WH CXeMaX COBNAaeHuH pH GOMbIIOM 4McsIe KaHasIOB 
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SBIIAIOTCA CAMIIKOM TpOMO3KUMH, BbIOpaHa cucTeMa NaMATH Ha MarHuTHOM bapabaHe 
Cc IpeqpaputenbHo ObicTpow MaMATbIO Ha MOTeHIMaNOcKeMax. 


AunasIM3aTOp COCTOHT u3 gByx YacTe. Ileppaxa — mpegBaputenbuaa ,,OsicTpaa‘‘ 
llaMaTb co6pana Ha yWByx NOTeHUManockonax JIH-4 u aBnaetca, 10 cyulecTBy, TpaHc- 
dopmMaTopom BpemeHH c KOsbuuMeHTOM TpaHCopMalHM, paBHbIM OTHOMIeHHIO 
ckopocteii 3anmucu uw cunTHIBaHuA [2]. Bo Bropo yacTH aHamM3aTOpa — ,,qoONro- 
BpeMeHHOK TaMATH —~ IPOH3BOQMTCA 3aNHch JaHHbIX, NOcTynaroiwHx Cc NOTeH- 
IMasIOCKONOB Ha MarHuTHEMi Gapa6an. Kaxypri kanan OapaOana umeer 14 WBOM4HEIX 
pa3pa0B, ITO NaeT BO3MOXHOCTh 3a0KMCH B OAMH Kanan ~ 16000 umny.iecos. KoHTpoub 
paOoThI aHamm3aTopa OCyIecTBIAeTCA C MOMOLIbIO CXeMbI, NHO3BONAIOMeH BeCTH 
HelpepbisHoe HaOsODeHHe 3alMcaHHOTO cheKkTpa Ha 31eKTPOHHO-NyyeBol TpyOxe. 


BpiBoy 2aHHbIX c MarHuTHoro GapaGaHa Npon3BOuMTCaA Ha WeHTy caMOnMcia H Ha 
CTaHwapTuLie HepoKapTsi, NO3BOAIOMMe Npou3sBoquTb OOpaborky DavHbIx Ha 1OGOH 
BbIYMCIMTeENIbHOK MallnHe. 


Tipeqpaputesbnas ,,Obicrpaa’ 1aMaTb 


Hayanpupilit umMnynbc (umuyssc I) (puc. 1), coorsercrsyrommmit MOMeHTy mponeta 
HeHTPOHOB Yepe3 3aTBOP UpepbiBaTela, OTKpbiBaeT TPHIrep BOpOT KBaplOBaHHOrTO 
HelIpepsiBHOoro TreHepaTopa c HepHonomM t = 0,1 MxKcex. Mmmypcei c BOpOT Mepec- 
WHTbIBa‘OTcaA Ha 2, 4, 8, 16, urO HaeT COOTBeTCTByfomIyIo WMpHHy KaHana. Cepua 
NlepecynTaHAbix MMItysIbcoB yepe3 @opMupyrommMii Kackay, Ha namne 69511 nogaetca 
Ha BXO JBYX NMOCWeHOBATEIbHO COCTMHEHHBIX DlepecueTHBIX cxem —- lepecueTHOii 
CXEMBI ,,CTpOK H ,,Kanpos“, KOTOpbIe BMeCTe CO CXeMaMH CllOKeHuM OpMHPyrIOT 
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Puc. 1 
Buox-cxemMa ycrpolictsa mpeqpapuTenbHow GricTpoli NaMaATH Ha NoTeHluanockonax 
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cTynenuaTple CTpowHyro HM KagposBylo pa3BepTKH oTeniMamockona. IlepecuerHas 
cxeMa Kaqposoi pa3pepTku coOpanHa Ha namnax 6HIII no oOnmHol cxeme. [na 
HePBHIX BBYX MYeek CTPOuHOw pasBepTku Oxina pa3spaOoTana OpbicrpoxelicrByromaa 
TpurrepHas saveiika na yeyx sammax OKOII, ycroumpo paboraiomjaa WO YacTOT 
~ Tru [7]. 

Hettrponneii umMnynec (umoynec II), upwmenmul yepes u3MepsxeMbIii HHTepBasi 
BpeMeHH ,,T“‘, 3aKpbIBaeT TPHITep BOPOT, OOppHIBad TeM CaMbIM Ce€PHIO HMMIIYJIbCOB 
reHepatopa. Jo nocrynmenua Ha Tpurrep uMnoynEc II dasupyetca cepueli nepecuHTaHHbIx 
MMilynbcos. Takaa da3suposka HeoOxoguMa Ayia Toro, 4uToOsl NocheqHHuM HMMMyJIbC 
cepa Bcerfa HMesI nomHy!O amunuTyoy. Heco6mogenve storo TpebosaHHA MOXxKeT 
DPHBEcTH K HapylieHuio paGOTHI MepecteTHOM CXeMbI CTPOK; B YaCTHOCTH, 3ekTHB- 
HOCTb YeTHBIX H HeYETHBIX KaHalloB aHallw3aTopa MOxeT craTb pa3smmuHok. IIpu 
OTCYTCTBHM HeMTpOHHOrTO HMMyibca cepua OOppmaetca 1024 umuynbcom 6sicTpoit 
CepHH, TomyuaeMbIM Cc MepecieTHOH CXeMBI KagpoB. Tak Kak TlepecueTHbie CXeMbI 
Pa3BePTOK HMCIOT 3ayepxKKy HOpAyKa 7; ~ 2,4 MKCeK, TO Onicrpad CepuA BOSpacTaeT 


tT 
Ha BeMuHHy —3 uw 6yner paBHa Upu 1, = 0,2 mKcex ~ 1036 ummynEcam. B pe3ympTate 
Tk 
K OCHOBHOMy pacTpy oTeHIMasockona u3 1024 rovex ygoOaBuTca 4CNO TOYeK, 
Tt 
paBHoe —2, koTOpEie COBMayT c NepBLIMH TOUKAaMH OCHOBHOrO pactpa. UTobni w36exaTE 
Tk 


3alIMCH B HHX, HMUyIbc ToaAcBeTKH OsOoKupyeTca. BUIOKHPOBKa OCYUIeECTBIAeTCA BOpO- 
TaMH, 3aKPbIBAeCMbIMH TeM 2%xe 1024 uMMyJIbCOM, a HMMYJIbC NOACBETKH, NOJaBaeMbIi 
Ha BOpOTa, 3alep2xuBaeTCA Ha BDeMs 7; ~ 2,4 MKCeK. 


Tlocne upexpaillenua cepu MMDYyNBCOB TeHeparopa JIy4 NoTeHIManocKona, HaxXOlA- 
INe€lOca B pexkHMe 3alIHCH C 3allepTIM JIYYOM, OCTaHaBIMBaeTCA B TOUKE, COOTBETCTBYIO- 
Wie YHCiHy MMMYIbCOB CepHu, HWM, WHaye TOBOPA, M3MepeHHOMY HATepBany ,,T“, 
BbIPAKCHHOMY B CMHMLAX Depwoya reHepatopa ,,t‘*. 3arem Ha MOAyNATOp NOTeH- 
WHaOCcKONa HOTaeTCA MMITyJIbC MONCBETKH AJIMTeEIbHOCTLIO ~ 30 MKCeK, OCYIICCTBJIAIO- 
wu 3anvch, a KaHall HeMTPOHHOTO MMUylibca GroKupyeTca BO M3GexaHHe HeHyXHOK 
NOACBETKH HysIeBOi TOUKU pacTpa. M3 cka3aHHOTO ACHO, 4YTO CUcTeMa Ipex_BapUTeNbHOH 
»ObICTpOH WaMsATH’’ MO%KeT PerHCTPHPOBaTb OMH HeliTPOHHbIM UMMybc 3a OHO 
OTKpbIBaHHe 3aTBOpa UpepprBatens. 


Tipu cw7TpirpaHwv 7aHHBIX C NOTeHUMaNOCcKONa Ha BXOJ Tex 2Ke MepecueTHbIX CXEM 
owaetca MeeHHaA CepHA MMIYIbCOB C MOPOXKKH CHHXPOHH3allMu MarHHTHOrO 
G6apaGana, KaxXUbii UMMyIbC KOTOPO COOTBeTCTByeT HOMepy KaHaJia. B pe3ymbTaTe 
jly4 WpoitzeT 10 TOMY 2%xe pacTpy, YTO M pH NoOMaye Ha MepecueTHbIe CxeMbI Onicrpoit 
cepHH. 


Tipu cuuTEBaHuy yy WOTeHWMasIocKoNa OTKpbiBaeTca. IIpu ero NomagqaHun B TOUKM 
3aNMCH Ha CHrHasIbHOH MWiaCTHHe BO3HHKAIOT MMMYJIbCbI, KOTOPbie Nocwe ycwieHuA 
MW MOpMHpPOBaHHA NOChIIAaIOTCA Ha MarHHTHEI GapabaH. OnHOBpeMeHHO MpOHCXOAUT 
cTMpaHwve 3amucaHHOro pesbeda. 


B ycrpoiicrse apuMenenp! WBa NOTeHWMasocKkona, pa6otaioume nonepemMeHHO. B To 
BpeMA, KOra OAMH NPOK3BOLZHT 3anvch, WaHHble c Apyroro mepeHocatca Ha OapaGau. 
Jjna Toro, 4ro6nl HCKIOYHTb OTepw B cY¥eTe B MOMCHT epeKsiO¥eHHA 3allHcH Cc 
ODHOrTO NoTeHuMasOcKkona Ha pyroii, CBA3aHHBIC C HeCHH@a3HOCTHIO BpalleHua 
6apa6aHa WM MexXaHWYecKOrO pepbipatesiA, HAMM MCNOUb30BaH CNezyIouM NpvHUMI 
KOMMYyTallHH MOTeHWMAaIOCcKONOB (puc. 2). 
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F Puc. 2 
Tipwauun KOMMyTauMM MOTeHWMAaIOCKONOB B YCTpOlicTBe NpeyBapuTesbHOK HaMATH 


Tlonnplit UMKII 3amMcMu M CYMTbIBaHMA Ha KaxKOM MOTeHWManockone coBepluaeTca 
3a 4 o6opota SapaGana. 3anucb mpoucxoguT 3a 2 OOopoTa, c4unMTHIBAaHHe 3a OHH U 
oguH oGopot xomocTol. Hanmune xonocToro xofa aeT BO3MO2%KHOCTb HeCKOJIbKO 
MECHATb MOMEHT HepeKsIKOYeHHA 3alIMCH C OHOTO NOTeHUMasiockona Ha Wpyrou, dasupysa 
erO C MOMCHTOM OTKDPbIBaHHA POTOPa MexaHM4YeckOrO WpepHlBaTess. 


STO Mepexmroyenve OcyllecTBAAeTCA KOMMYTHPYIOWNIMM YyCTpOlicTBOM, kKOTOpOe 
3allyckaeTCA MMIYyIIbCOM Ha4ana paOoTsi OapaGana, 3alMCcbIBaeMbIM HeCKOJIbKO paHbille 
CepHH HMMyIECOB CHHXPOHH3allHH Ha OTIEIbHOM AOpoxKe. 

Jina u3MepeHia UWHTepBasion BpeMeHH Gombmmux 1024 t MKceK IpumMenena NepeMeHHas 
3aylepxKa Hatana 3allucu Ha BpeMeHa oT ~ 50 yo ~ 3200 mMxkcex. Cxema 3acepxKH 
lpeacTaBlaeT NepecyeTHy!o cxemMy C KOIPuUNeHTOM Nepecueta 2048, Ha BxOA KOTOpOK 
NOMaloTcA MMMyIIbChI C TepHoHOM t = 1,6 MKceK. 


JlonroppemeHHas 1aMAaTb 


B MHOrokaHaJIbHBIX aHaM3aTOpax BPeMeHH MposieTa B kayecTBe 1O0/IroBpemeHHol 
NaMATH HCHON3YFOT OGBIYHO NAMATH Ha PepPHTOBBIX KONIeUKAaX WIM, TAK Ha3bIBaeMylO, 
NOcueHOBATEJIBHYIO TlaMsATb Ha GapaGanax [3] [5]. 


Tlogo6upie cucTemMbl HMeIOT MOMHMO psa BHOCTOMHCTB OJMH O4CHb CYMeCTBCHHbIM 
HeOCTATOK: Np KaxKOM WMKIe 3alMcaHHoe YMCIO BOCHPOH3BONMTCA BHOBb, NOITOMY 
HIpH O4eHB AJIMTebHOM HenpepbiBHOM paGoTe, Npw Maslow MHTeHCHBHOCTH CyeTa (4TO 
o6nrHO MMeeT MECTO B OONbIIMHCTBe PU3HYECKHX ZKCIEPHMEHTOB) TaKHe CHCTeMbI 
He BHOJIHe HajexKHbI. 


Bonee cra6unbHoi aBiaeTca CHCTeMa, Tak Ha3bIBaeMOl, MapaicnbHOH naMaATH, 
B KOTOPOM 4TeHHve MH 3aNvCh MPOWSBOAATCA 3a OHH NpoOxoy ronoskn. 


3anucaHHad Ha WOpox%xKKe uAOpMaliua 4wATaeTcA C OMepexeHHeEM 10 OTHOLICHHIO 
K MOMeHTy 3alMcu. STO onepexeHHe obycnOBIeHO, TMaBHbIM O6pa30M, paccesHHeM 
MarHHTHOTO HOA B MOMEHT 3allMcu, Onarowapa YeMy HaMarHH4MBaroTcA WH yyacTKH 
HOpOXKM, HaXOJAWIMecA B WaHHbI MOMeHT Ha HeEKOTOPOM paccTOAHHH OT TOOBKH. 
He6onpmo0i BkKayq B OnepexeHve TaeT Takxke paccesHHOe Ose DMNA MarHuTHOTO 
noxpbitua GapaGana. 


MaxkcuMasibHoe 3HaYeHHe aMIJIMTYObI MpowwTaHHOTO MMIlyJibca COOTBETCTByeT 
MOMEeHTY 3amIMcH, a NepeqHuii PpOHT MMMyIEca OMpenensaer onepexerue. 
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Onucannaa B HacTosmel paGoTe cucrema napanenbHoi NaMaATH Ha MarHuTHOM 
GapaGane oGecneunpaet: 


1. Beicrpogeiicrsue. 3a onnH OGopor GapaGana mMoxer 6pITh npoM3BeqeHO 70 
500 onepanmii. 


2. Bricoxyro cra6unpHocts pa6orsr. B napannenbHoi cucreme WaMaATH 3allMchl- 
BaeTCA TONbKO HoBOe 4yuCHO. B onnchiBaemow cucTreme cra6WIBHOCTb NOBbIMMaerca 
3a CYe€T TOFO, YTO pH AOOABIeCHHH CXMHAULI NepenMCEIBaIOTCA TONIbKO H3MCHHBIIMECA 
pa3panel. B BpixonHbIe KacKadbl pa3paqoB, KOTOpHie upu AoGaBNeHHM eXMHMIEI He 
VW3MCHHJIMCh, HMMYJIbChI 3aIIMCH WH cCTrupaHHa He DOarorTca. 


Tipaayun paGoTi napamienbHol 3anncH 


Ha puc. 3 npeycrapnena ynpoujenHas 6s10K-cxema cucTembl 3anHcu. Ha ornenbHoli 
WOpoxKe C NOMONIbIO CielMaNbHO panHOCXeMBbI, BXOTMei B KOMIMIEKT ycrpoiicTsa, 
3ammcaHo mpHMepHo 1030 umnynbcos. STH MMMYIIbChI B DalbHeiIeM Ha3bIBarOTCA 


fono6nu LAIPHO08 


CUA LION SITUS 


Puc. 3 
Baox-cxema amMsaTH Ha MarHuTHOM 6apabaHe 
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MMNyiIbcaMi cHAXpoHH3auMM. IIpoTus ,,n‘* MecTa 3alNHCH MMIIyIbca CHHXPOHH3alMH 
BOONb OGpa3yromlei GapaGaHa B DBOWYHOM CHCTeMe 3alHCbIBaeTCA 4HCIO OTCYETOB 
B ,,n‘** KaHane. Kaxybiii paspal 3amucbipaeTCaA C MOMODIbIO OTZebHON TonoBKH. Bcero 
vcnomb3yetca 14 pa3spazos, T.e. MoxeT Opitb 3anucaHo 16383 umny.ibca. 


EMKOcTb MOxeT ObITb Jierko yBenu4eHa Ge3 TepeesIKH CXeMBI: TOCTaTOuHO HOGaBUTb 
TONbKO HyKHOE KONMYCCTBO CTaHIAapTHEEX GuoKos (Mo OAHOMY Ha pa3paq). Kagan 
3allMcbiBarolad TrowoBka: uMeeT Be OOMOTKH: OHA OOMOTKAa COoeqMHeHa CO CXeMOii 
3amucu ,,1‘, BTopad co cxemoi 3anucu ,,0. Tepe Hayantom paOoTel TOpoxKM Ha- 
MarHH4MBaloTcA TO HaCbeHHA, a 3ATeM WIA yMCHbIeHHA dona cJierka pa3MarHH- 
4YMBaroTcA cia6bIM TOKOM. 


3anuce ,,1“ cooTBeTcTByer MepeMarHW4MBaHvIO WaHHOTO MecTa Ha OpoxKe, a 
3anMcb ,,0-BOCCTaHOBJICHHIO HaCbILNeHHOTO COCTOAHMA. Vimnynecei c6poca wa Tpurrepa 
pa3spAROB MOMAOTCA TIpHMepHO B CepenWHe MHTepBana MexKAy COCeqHMMM KaHaslaMH. 
Taxum o6pa30M, K MOMeHTy YTeHHA TpuITepa Bcerga HaxOAATCA B MOJIOKeHHH, CO- 
OTBETCTBytOlIeM 3anucn ,,0‘*. Ecru Ha Dopoxke 3anucana ,,1“‘, ro Tpurrep HMIyJIbCOM 
Cc HOpoxKH MepepepHeTca B cocTonHue, cooTBeTcTByrolee ,,1°°. Takum oOpa30m Ha 
TpuITepa pa3pAOB NepeHOCHTcA YHCIO, KOTOpOe 3alIMcaHO B aHHOM Kaualie. 

Uepes 20 MKceK Mocile MpoxoxZeHHA AaHHOTO KaHaJla Tpurrepa BO3BpalljaroTca 
B ,,0‘* cocrosHue. 


Tpurrepa pa3pa20B CBa3aHbI Apyr C ApyroM Tak, 4TO OGpasyroT OOLMHYyIO Nepecuet- 
Hyto cxemy. Ilyctb B ,,n‘‘ KaHane 3amHcaHo yncno 1001, uw HyxKHO HOOaBUTb B 9STOT - 
kana ,,1‘‘. Korga Mecro Ha GapaGaHe, cooTBeTcTByrolMlee ,,n“‘-KaHally, Oy eT HaXONMTbCA 
Tepe, rouloBKaMH, TO YMCIIO, KOTOpoe 3ammcaHo B AaHHOM MeCTe, OyeT NepeHeceHo 
Ha CucTemy TpHITepoB, Ip 3TOM Ha NepecueTHOM CXeMe OKAXKETCA YHCIIO. .. 

1001. 


Tipumenzmmii c npensaputenbHoit CucTeMbI WaMaTH WOGaBOUHbI UMnysbc dbasupyeTca 
C TOMOMIbIO da3sHpyrollero Tpurrepa c curHayaMH CHHXpOHM3alHu MM mOmaeTCA Ha 
BXOZ HWepecyeTHOM CXeMBI, locne 4ero Ha cxeMe OyyeT 3aNMcaHO HOBOe 4MCHO.. . 
1010 IIpumepuo yepe3 0,2 Mkcexk Nlocile NOJayH Ha BXOA LiepecieTHOH CXeMBI 
qo6aBouHOrO uMMybCa cpa6aTbIBaeT OHOBUGpaTop MMNyJIECOB 3anucu POpMHpyroulait 
CHIHall WIMTCNbHOCTHIO 4 MKCeK OTOT CHTHall MosaeTcA Ha BOpOTa 3allucH, NepBoro 
pa3paua. Bopota caa3aHbt c TpuTrepamMu fOpoxKeK TakuM oO6pa30M, 4TO ec Ha 
Tpurrepe 3anncaua ,,1‘‘, TO MMITyJIbChI NOWAalOTCA B 3AlIMChIBaIOLIy!IO OOMOTKY rOOBKH, 
ecum ,,0“, ro B cruparontyo OGMoTKy. Tak kak B pacCMaTPpHBaeMOM CJlyuae B HepBOM 
pa3paye azo 3amncatp ,,0‘, ro HMMyIbCbI 3anvcH NOAAOTCA B CTHpAalouy1o OOMOTKY 
MH Ha WOpoxKe 3anncprBaetca ,,0“. ORHOBpeMeHHO co cxembI 3amivcn ,,0‘S HMMyJIbC 
nogaetca Ha BOpoTa OnoKa BTOporo pa3paya. B 9TOM pa3paye Tpurrep HaxOnMTCA 
B COCTOAHHH, COOTBETCTBYIOINeM ,, 1“. Curnas 3anmucu npoiizet uepe3 kackay 3anMcn ,,1“ 
M 3alMMetTcaA Ha DOpoxKe. Ha Grok TpeTbero pa3psaa CHrHall 3alucu nofaH He GyzeT, 
M OCTAaJIbHBIe pa3spAabI OcTanyTcs Ge3 u3MeHeHUA. IIpu QoOaBneHHu B OTOT %*Ke Kanal 
ele ODHOM eCOMHHIbI cpaOoTaer TOJbKO nepBbili pa3paq. 


YcnsmTesb CYMThIBAHHA 


Ycunmtenb CuMTHIBaHHaA (puc. 4) CBA3aH C TONOBKOM, MOSTOMY pu 3anmvcH Ha BXOD 
YCHIIMTeENA NOMALAIOT MOMOKUTEILHbIC UMIYJIbChI C AMIVIMTY AOU Sosee TBYXCOT BOJIbT 
WM Mp cTupaHMM OTpHUaTeNbHbIe MMITybChI MpHMepHO Tako xe aMiLintyypl. Dna 
YMeHBbINICHHA BPeMeHH He4yBCTBUTeIbHOCTH YCHJIMTeIA Ha. erO BXOMe NOCTABIICH Kackat, 
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orpaHwunBatonmMi ammiutyazy [6]. Kpome Toro, Bxox ycunutena 6noKupyerca cnrHa- 
Jamu 3ammcu. BpemMsa He4yBCTBHTeJIbBHOCTH BMTCA OKONO 10 mKcex TlomHoe soccta- 
HOBJIeHHe HacTynaeT yepes 40—50 mxcek, Ha 9TO Bpema u G6nOKHpyeTcA ycusmMTenD. 


to 6HBN fe 6H3N 


-30V SK q7On 
2 6HIN 


Puc. 4 
Cxema YcusIMTenA CIMTEIBAHHA 


Broa HH(bopManHH 


1. Aa Bu3yanbyoro HaGmoyenua 3a w3MepeHHbIM CNeCKTPpOM CHIHaJIbI CO BCeX 
TPHITepOB Pa3PAHOB CKabIBAalOTCA TaKHM OO6pa30M, Y¥TO aMMIHTyWa ATOroBOorO 
MMOYJIbCa NPONOPUMOHAJIbHa UWACHy, 3a0HCaHHOMy Ha Tpurrepax. Mrorossie carHanpl 
nogwaroTca Ha OcHMNINOrpadh, passepTka KOTOpOro 3anyckaeTcs B MOMeHT Hayasia WAKA, 
a JJIMTCIbHOCTh paBHa BpeMeHH oHOrO OGopota bapabana. 

' CycTema cmoxeHua caenana 0 w3BeCcTHOM cHcTeme cnoxKeHHA ToKoB. K OHOMy 
Mastomy (600 om) compoTuBneHio R MOAKMOYeHEI Yepes Pa3JIMYHbIe CONPOTHBICHHA 
KaTOAHbIe NOBTOPHTEeIIM BCeX TpHIreposB paspazoB. Benwunna COnpoTHBNeHHA, NOTKIIO- 
yeHHOrO K 1 pa3pagy, BLIOpaHa paBHolt 5 MQ, KO BTopomy pa3pany 2,5 MQ wu T.A. 

Tlockonpky BenuunHa R MHOTO MeHbUIe WaxKe CaMoro ManeHbKOrTO conpoTuBeHus 
(e 14 pa3pane), TO TOKH cKilaqpmaloTca mpakTH4ecKH He3aBHCHMO. Bu3yasbHoe 
HaGmogeHMe IIPHMeHAeTCA TObKO ANA KOHTpOJIA paOoTEI cucTeMBI B Mpouecce v3- 
MepeHHaA, NOSTOMY TWaTeMbHOrO NoAGopa CONpOTHBAeHH He NPOBORMNOCh. 


Cucrema BbIBOJa jaHHLIX Ha nephopatop 


Ha puc.5 npegctaspnena Gslox-cxema CHCTeMbE BbIBOwa Ha nepopatop (IIP-80) 
HAHHBIX, 3aNMCaHHbIX Ha MarHHTHOM Gapabane. 


TiycTb Ha mepecueTHO cxeme agpeca samucaH ,,0“. Tpurrep BopoT pa3paq0B 
HaxOAMTCA B NOMOKEHHU, IPH KOTOPOM BOpOTa paspANOB YUCIa OTKPLITHI HM Ha Tpurrepa 
Ppa3pATOB Noovepe HO NepeHOcaTca ca, 3amMcanHble B KaHanax. K mayany 3anncu 
kaHasIOB Ha pa3BepTke MarHHTHOrO GapaGana HepecueTHad cXeMa HOMepa kKaHasa 
HaxOWMTCa B COpOmIeHHOM cocTOosHMH. 

IIpw npuxogze umnynbca oT nepdoparopa (wm reHepatopa), CHrHaM3"pyromero 
0 roToBHOcTH Kk paOotTe, cpa6aTbIBaeT basupylommMii Tpurrep. Mmnynbe nayana 3anncu 
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Cunxp. umn. Cunnp. urgrrsnbcot 1.0. N xanaosa 


HaNanG sanucu 


5aor pease Nt 
KQHQIQ 


aie’ 


nepcpapamap 


aon pene paspagob 


— Ho 
wera e 


CaMaNUCEL 

2 ee ee 
Tpuezepa pap. wena 
ae ee ee SD 


TonoGku paspag06 vwucra 


Puc. 5 
Buok-cxema BbIBOMa HaHHbIX Cc MarHuTHoro GapaGana 


BO3BpalllaeT Tpurrep B NepBoHayabHoe cocTosuue. Tipu sTOM Ha TepecueTHy!o CXeMy 
ampeca WOcbIIaerca CHTHa WM Ha Hei 3allOMMHaeTCA YACIO 1. Uepes 20—30 mMxkcek 
noche IpHxXowa HMNysIbCa Hayasia 3allHcH Ha BXO NepecieTHOH CXeMbI HOMepa KaHasla 
HaYHHaIOT MOCTyMaTb HMMIyiIbCbl CHHXpoHM3aluM. Tak Kak Ha NepecyeTHOH cxeme 
ampeca 3arucana 1, To 10 Mpuxoze Nepsoro MMMyIbca Ha NepecieTHy!0 CxeMy HOMepa 
KaHasia, Ha CXeMe COBNaTeHu NOABMTCA CHIHalI, KOTOPHI ONPOKMHeT TpHITep BOPOT 
pa3panoB. IIlpu 3TOM BOpOTa pa3pAXOB 3aKPOIOTCA, OTKMOYaTCA CHrHalIbl cOpoca 
TpHrrepOB pa3paOB HM Ha HHX OCTAHeTCA 3alMCaHHbIM YMCIO OTCYCTOB B MePBOM 
KaHane. OHOBpeMeHHO TpHITep BOpOT pa3payOB 3allycKaeT OnHOBKOpaTOp pelle. 
IIpu srom Te peste, KOTOpbIe CBA3AHEI C TpHITepaMH, HaXOJANIMMUCA B COCTOAHHH, 
COOTBETCTBYIOUIeM 3alHcaHHO B 7aHHOM pa3paye equHMUe, cpadoTaioT, HM Ha HHX 
6yneT nepeHeceHoO YHCIO C TPHITepOB pa3pAaAoB. 

OnuospemMeHHo c nepecueTHOl cXeMbI aljpeca TlepeHOcHTca 3aricaHHoe Ha Hei 
gHcyio Ha peyie HoMepa KaHasia. [locne 3aMbikaHHA BCeX pese Ha Nepdoparop nowaeTca 
curHan ,,Hayao padotsi. Uucio c 6m0KoB pese MepeHocuTca Ha nepdokaprsl. 


Tlocne oxonyaHua paSoTH! nepopatopa Ha dasMpyloWMi Tpurrep noctynaeT CHrHall, 
B HlepecueTHy}o cxemy anpeca 106aBuseTcx 1 u Tpurrep, a BOPOT pa3pa0B OTKpbIBacTCA. 
Cxema roropa K lepenvucH 4HCIa BO BTOPOM kaualie. 


Bpema tepenecenusa HaHHEIX Ha Nep@opaTop 3aHMMaecT OKOJIO 15 munHyT. 


Jina nepexaya MHpopMaliMu Ha CaMONMIUyWai NOTeHIMOMeTp (caMOTIMcell) HCHOVIb- 
B3YIOTCAH CBOGOMHbI€ KOHTAaKTEI pee GroKa pa3paOB CEN. K 93tuM KOHTaKTaM 
NODKMOUeHEI CielMaNbHO OTOOpaHHble COMpOTHBNeEHUA. Ciox%KeHHe TOKOB MPOBONUTCA 
Take, KaK 3TO ONMCaHO BBILILIe. 

Tlockonmpky TOK Ha O6IemM BeCbMa MaJIOM CONPOTHBJIeHHH OLIpeleiAeTCA TOUIbKO 
BeIMYMHAMH CONPOTHBIeHHH B WenAax (aMMbI OTCYTCTBYIOT), TO He MpencTaBmaer 
Tpywa nogo6paTh COMpOTHBNeHHA TaK, YTOObI HalIpwKeHMe Ha BbIxote Len OBIIO 
TIPOMOPUMOHANbHO 3aNMCaHHOMy 4HCIly C TOYHOCTbIO mywumen 0,5%. 
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MHOTOKAHAJIBHBIE BPEMEHHBIE AHAJIM3ATOPBI 
C TAMATbIO HA TOTEHUMAJIOCKOIAX 


K. T. VWrsatees, YW. B. Kupnwanuxos u C. YW. Cyxopyuxnu 
CCCP 


Abstract — Résumé — Ausotanua — Resumen 


Multichannel time-analyser with an electrostatic memory tube. The Academy of Sciences 
of the USSR has built two multichannel time-analysers with an LN-4 electrostatic memory 
tube for pulse analysis. These analysers are at present being used for various kinds of measure- 
ments; they have the following characteristics: 

Number of channels — 1024 and 2048, 

Channel time width — from 0.2 us upwards, 
Channel capacity — 4096 pulses and 1024 pulses, 
Analyser trigger frequency — up to 1000 per second, 
Pulse load — up to 1000 pulses per second. 

Measurement results are given by the analysers in the form of graphs and numerical data 
on perforated cards. 


Analyseur en temps 4 plusieurs canaux, avec mémoire a potentioscopes. A |’Institut de physique 
théorique et expérimentale de l’Académie des sciences de l'Union soviétique, on a construit 
deux analyseurs d’impulsions en temps, 4 plusieurs canaux, avec mémoire 4 potentioscopes 
du type LN-4. A l’heure actuelle ils sont employés pour diverses mesures; leurs caractéristiques 
sont les suivantes: 

Nombre de canaux — 1024 et 2048 respectivement 

Largeur des canaux en temps—égale ou supérieure a 0,2 us 

Capacité des canaux — 4096 et 1024 impulsions 

Fréquence de déclenchement maximum des analyseurs — 1000 fois par seconde 
Charge maximum — 1000 impulsions par seconde. 

Les résultats des mesures sont communiqués par les analyseurs sous forme de graphiques 
et de données numériques sur cartes perforées. 


MuorokanasbHble BPeMeHHBLIe aHaJTH3ATOPb! C NaMATbIO Ha NOTeHuMasocKonax. B MTI® AH 
CCCP 6pm co32aHbI (Ba MHOTOKaHasIbHbIX BPEMCHHBIX AHAJIM3aTOpa HMITYIIBCOB C ,,1aMsATbIO” 
Ha NoTenumMasockonax JIH-4. B nacrosmiee BPeMA OHH MCOONB3YIOTCA B Pa3IHYHbIX H3MePeHHAX 
HW MMenOT CylenyIolMe XapakTepHCTHKH: 

uucio KaHanop — 1024 u 2048; 

BpeMeHHas WIMpHHa KaHanoB oT 0,2 M«cek. 4 Gosbie; 
eMKOCTb KaHasios — 4096 umn u 1024 umn; 

yacroTa 3allycka aHaslM3aTopoa go 1000 pa3 B cex; 
BeIMYMHa 3arpy3KH Wo 1000 umn/cex. 

Pe3yNbTaTH! H3MepeHHii BbITaIOTCA aHasIM3aTOpaMM B Be rpaduKOB HM YHCIIOBbIX HaHHbIX 
Ha mepdoxaptax. 


Analizador multicanal de tiempo con tubo de memoria electrostatico. En el Instituto de Fisica 
Tedrica y Experimental de la Academia de Ciencias de la Unién Soviética se han construido 
dos. analizadores multicanales de tiempo con un tubo de memoria electrostatico LN-4 para 
el andlisis de impulsos. Estos analizadores, que se utilizan actualmente para efectuar diversos 
tipos de mediciones, tienen las siguientes caracteristicas: 

Numero de canales: 1024 y 2048 
Anchura de los canales: a partir de 0,2 us 
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Capacidad de los canales: 4096 y 1024 impulsos 
Frecuencia de disparo del analizador: hasta 1000 por segundo 
Carga: hasta 1000 impulsos/s 


Los analizadores expresan los resultados de las mediciones en forma de graficos y de datos 
numéricos en fichas perforadas. 


B WTS® AH CCCP B Teuenne HecKONBKUX eT MpOBOZATCA paSorni B oGnacTH 
HeHTPOHHOH CheKTpOcKOMMA TO MeTOAYy H3MepeHHA BPeMeHH Mposieta c ,,Muraronjam 
My¥KOM WknoTpoua [1]. C yenbro Danbuelinlero MoBbIeHHA TOYHOCTH w3Mepennii, 
pa3pemaromjeH cnocoOHocru u G6onee sdexruBHoro vcnonb30BaHVA NyyKa GBI 
CO3aHbI {Ba MHOTFOKaHaIbHbIX BP€MCHHBIX aHaJIM3aTOpa MMMYJIBCOB C ,,1aMATBIO“ 
Ha moTeHiManockonax JIH-4. 

PesyibTaTbi H3Mepennit BbINaIOTCA aHAIM3aTOpaMH B Bue rpaduKos (Ha camonncuax 
Tana SIIII-09) 1 yncnopeix WaHHEIX Ha Mepokaptax, KOTOpsIe oOpa6aTplBaiotca 
Ha BbIMACIMTeIbHOH MalmuHe. O TepsoM BapHaHTe MHOTOKaHasIbHOrO BpeMeHHOrO 
aHalM3atTopa 6410 coobmeHO panee [2]. Tax kak o6a aHalM3aTOpa MIPHHUMIWasIbHO 
OMHAaKOBEI, TO HMKe WaeTCA ONMCaHHe OAHOTO u3 Hux (puc. 1). 


Bsanmonelicrsue GaoKos avaH3aTopa 


V3smepenne spemMenu MexKY 3anycKOM aHanu3aTopa HM DpHxoy0m yuccneqyeMoro 
CurHana BeNeTCA NO KONMYECTBY HMIYJIbCOB, KOTOpbie Mpollyckaer cxema copnanennii (4) 
Ha , ,tlepecueTky KaHanoB (5, 5a, 6, 6a). AcTouHHKOM HMNYJIbCOB CHYKHT reHepaTop (10), 
cTa6vnM3HpoBaHHEI KBapueM c repHonom 0,2 MKcek, 160 ZenHTenb YacroTH (11) 
(mepuon I mxcex u Gonpime). Cxema copnazennii (4) ympapnaerca rpurrepom (3), 
KOTOPbIli BKOYACTCA B HavaJIbHbI MOMEHT BDeMeHH H BLIKIOUAeTCA, Kora woctynaer 
MCCNeAYeMBIN CurHall. BKmO¥eHMe OCYIeCTBIIAeT Yepe3 THHHIO 3agepxKKH (2) nycKOBOIt 
3anlepTbii Gnoxunr (1). On xe NpexBapuTenbHO ycraHaBNMBaeT »TIepecueTKy KaHaJioB’* 
B UMCXOQHOe COCTOAHHE. 


»llepecuerka KaHamlos’’ — qBow4uHan u3 11 Kackayos. Ileppsie natb KackayOoB — 
KaCKOHbIe Ha Namnax 6H3II c pa3pemenuem 0,1 mxkcex, a ocieqHHe 6 KacKanoB — 
poctsie Ha TpHogax 6HIFI c paspemennem 2 mxkcex. 

TlocneqopatesbHbie COCTOAHMA KackayOB ,,nepecueTKH KanHasoB nlocpeqCTBOM 
TPHOMHBIX TOKOCYMMEPYIONIMX CxeM — ,,kOYeli* (7) [3] mpeobpa3yroTca B CTyMeH- 
waTble TpoTHBOpasHo Hapactalomme HalpsxKeHus. OHH MoMalOTcA uepe3 KaTOMHEIC 
nopToputenm (18) Ha OTKIOHAIOMIMe WaCTMHbI NOTeHWMaNocKonNOB u o6pa3yioT 
MpAMOyronbHBM (32 x 64 TouKH) TOYeUHBI pacrp. Kaxyaa To¥Ka pactpa (kaHan) 
COOTBETCTByeT Crporo onpeweneHHOMy BpeMeHH. Bo3mMoxHoe noBTOpeHHe paGoTEI 
»HepecdeTkKH KaHasioB’, T,€. HeBepHoe oMpeyeneHne BpeMeHK, MpexoTBpamaetca 
BCIIOMOraTeJIbHBIM TpurrepoM (8), KOTOpEI MO BO3BpaNieHHH NoceqHero Kackana 
ssM€PeCdeTKH KaHaJIOB’ B BCXOWHOe cocTosHue (nocne Habopa 2048 umnynbcos) aaeT 
KOMAaHLYy IA BLIKFOYeHUA yYPAaBMALOWero Tpurrepa (3). [IpousBoqumpili ,,nepecueTKoii 
KaHasiOB C¥eT BPeMeHH OCTaHaBMBaeTCH, KOrMa ocrymaer vccnenyembl curuan. 
Tipoiiga yepe3s cxemsr copnagennit (19 u 20), OnokupyromiMe BXOX aHasIM3aTopa, u 
uepe3 cba3upyromyro syeitky (21 u 22) [4], carnan ornmpaer 6noKHHr ocTraHoBKH (23). 
Mnysc of 6noxuunra (23) spnnouaeT ynpaBssromla Tpurrep (3), cxema copnaneHHit (4) 
samupaetca, CueT BpeMeHH MpeKpalijaetca, Hu HayMHaeTca paOoTa perncTpupyroniel 
YacTH aHasM3aTopa. 
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Wa NEPOOPATOP 


Puc. 1 
BAOK-cxeMa MHOrOKaHaJIbHOrTO aHasIM3aTOpa HMMYJILCOB 

1. TIlyckoso Gnoxuur, 2. 1MHHA 3anepxKH, 3. ynpaBAIONMit Tpurrep, 4. cxema copnageHus, 
5. NepecueTHBI Kackan, 5a. kKaTOqHBIM NOBTOpuTenb, 6. nepecueTHBIit kackag, 6a. kKaTOXHbIM 
NOBTOPHTEeNb, 7. ,,KHOUH, 8, BCOMOTaTeIbHbI Tpurrep, 9. cxema copnaneHHit, 10. TreHepatrop 
umityipcos, 11. yemuTenb YacroTH, 12. GnOKMHT ,,pereHepaumu", 13. HHBepTOpHEIi Kackay, 
14, nyckosan KHomKa, 15. MexaHW4uecKHi NpepBiBaTenb camMonucua, 16. MexaHHuecKHit Tipephi- 
BaTeb nephopatopa, 17. dopmupyioumi kackan, 18. KaTonHBI noOBTOpuTenb, 19. cxema 
copnaneHHi, 20. cxema cosnagenaii, 21. hbasupyioniaa ayeiixa I, 22. hasupyiomas s4uetixa II, 
23. 6OKuHE ocTaHoBKH, 24. 6noKupyiomMii dantactpon, 25. onHOBHGpaTop _,,3anepxKn“, 
26. onHOBHOpaTop ,,cuMTLIBAaHMA, 26a. KATORHBI NOBTOpuTesb, 27. onHoBHGpaTop ,,BBoua I“, 
27a. KATORHBIM ~MOBTOpuTenb, 28. onHOBHGpaTop ,,3amucn’, 28a. kaTOqHbIt NIOBTOPHTEeIIb, 
29. cmecuTenb, 30. BbIXOnHOM Kackay NlOACBeETKM NOTeHIManNOcKoNos, 31. NOTeHUHAJIOCKon, 
32. Moct Helitpamu3auuu, 33. ycunmtenb, 34. quckpumunatop, 35. ,,BxomHas’’ cxema coB- 
naneHHit, 36. kackay ,,NepecieTKH KONMYecTBa’, 37. ,,BEIXOHHaA cxeMa coBnayeHuit, 38. nona- 
PH30BaHHOE peste, 39. ,,KnOuM KomMUecTBa, 40. camonucen, 41. aBYXnYY¥eBOH ocHMINOrpad 

Tl,, Oh, Ts, M4, Is — nepexmoyaren 

Ty, Tz, T3, T4, Ts, Ts — TyMOnepnr 


B aHanu3arope uMeetca ,,nepecuetka KomMuecTBa (36) NOCTyHHBIIMX B JaHHbiii 
kanal CurHaios. Ha Heit ycranaBiMBaeTca TO YHCHO, KOTOpOe GINO 3amucaHO paHee 
Ha noTeHiManockonax (31) B qaHHOi TO¥Ke pacrpa. 3aTeM 4MCIO yBesIMYMBaeTCA Ha 
CHMHBUY W 3alicbiBacTca Ha NOTeHWMAIOCKONbI B TOM %e TOUKe pacTpa (T.e. B TOM 
%*e KaHane). Sra onepalua wgeT B cllemyromlem opsyke: oT MMilysibca GOKMHTAa 
OcTaHosKH (23) 3anycKaerca ogHOBKOpaTop ,,3anepxKu (25), a ,,NepecueTKa KOJIN- 
yecrsa“ (36) npHBOgUTCA B ucxOqHOe cocTosHue. B 9To Bpema (10 mxKcek) ycraHaBin- 
BarOTCH OTKIOHAIOMIMe HaNpsAxKeHHA Ha NOTeHIMaockonax. 3aTeM BKIOUaeTCA ONHO- 
BuOpatTop ,,cuHTEIBaHUaA (26), (26a). MoncBeqBatoTca NOTeHIMAaNOCKONEI H oTHMparoTca 
»BXONHBIe* CXeMbI COBNageHu (35). Umnynbcei, NOMyYeHHEIe c MOTeHMAJIOCKONOB, 
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HWpoxogaT yepes ycusmTenn (33), HuckpHMuHaTopsI (34) H Yepe3 ,,BXOZHBIe*. CXEMBI 
copnanenun (35) ycraHaBlMBartoT Ha Kackayax ,,epecueTkH KonMuecTBa’ (36) npow- 
TaHHoe wucio. Mocne sToro onHOBHOpaTop ,,BBOa 1°‘ (27, 27a) HaeT MMMysIbC, KOTOPEI 
BBOJMTCA B ,,[lepecueTKy KOouIMYeCTBa*, H 4HMCIIO, 3amMcaHHOe Ha Heli, yBenmuMBaeTCA 
Ha e€MHULy. 3allyckaeTca OHOBHOpaToOp ,,3amucn’* (28, 28a). On NOACBeyMBaeT NOTeH- 
UMaJIOCKOMbI, OTIMMpacT ,,BbIXOHbIe’’ CXeMbI COBMayeHu (37), H HOBOe YHCIIO, T.e. 
HOBBbIe COCTOAHHA KaCKaNOB MepeCueTKH KOJIMYCCTBA, 3aIMCbIBAeCTCA Ha NOTeHIMAsIOCKO- 
nax. Ha 9TOM perucTpaliMy MCCIIeHyeMOro CHrHasIa 3aKaHYABaeTCA. 


Uro6si ananw3aTop He “IIpHHuMal MCCueqyeMbIe CHTHaNbI, MpHeTuMe BCMey 3a 
PpervucTpHpupyeMbIM, H He MpOXOAHIO JOKHOTO yBeJIMYCHHA KONIMYECTBAa WMIYJIbCOB 
B a@HHOM KaHaJie,’BXO| aHasIM3aTOpa 3aKpbiBaeTca cxeMoii CoBnazeHuiit (20). 


B Momeuta 3alvcu YWcsa Ha MOTeHWMAaIOCKOMbI Ha BXOX ycunuTensa (33) nonanaeT 
6onbuiok curnan. OH CHIbHO yMeHBbIaeTca ,,MOCTOM HeliTpanu3aunu (32) [3], HO 
BCe-TakH 3arpy2KaeT ycHuTemb. [loka He OKOHYaTCA Nepexogubie Npoueccnt (~ 80 MKcek) 
CYMTHIBAHHE WwCa MOKeT ObITb HETOUHEIM. Ha 3TO BpeMs” BXO aHasIM3aTOpa TakxKe 
3anMpaetca npu WoMomIM GroKupytomlero daxTactpoua (24) u cxembi copnanenuit (19). 


Jina nonyyenua pe3yibTaToB u3MepeHHit HeoOxooMMO MpowTH 10 BCeM TOUKaM 
pacrpa (kKaHalam), B KaxKO#% u3 HWX TepeHecTH 4MCa C MOTeHUMaOCKONOB Ha 
,epecuerky KouIMuecTBa’ H C Hee CHAT NOKa3aHua Ha rpaduK WIM Nepdoxaprty. 


Jina 9Toro y camomucna u nepopaTopa uMeroTca MeXxaHWyecKne MpepelBpaTeu 
(15, 16). Onm ¢ MOMOLIbYO @opmupyronlero KacKkaya Ha THpaTpouHe (17) uM 3alleproro 
6noxunra (12) qarloT MMIMyJIbCbI, KOTOpble NOCbINaFOTCA Ha ,,lepecueTKy KaHaJioB’ H 
Ha BXOZ aHasiM3aTopa. 


Kuonxoit (14) 3anyckaetca aHamu3arop, MU B AasibHeiimiemM ero paOoTa MpoxogquT 
B TOM 2Ke NOpsAgKe, KaK HM NPM W3MepeHHM, TOMEKO oTCoeAMHsOTCA ,,BBOT I", a 
ynpapssroumit Tpurrep (3), BbIKTEO“aIOMMiica OT BBOAMMBIX B aHasIM3aTOp MMMYJIbCOB, 
BKOWAeTCA 3aepxKeCHHBIMM MMIlybcaMu OT dbantactpoua (24). 


Tloxa3aHua ,,flepecueTku KoMYecTBa‘’ NOBTOpsroTca Ha pese (38) (Tuma PII-5), 
BKJIFOYCHHEIMH B AHOAHbIe Wel KaxKTOFO H3 KackaOB NepecieTKH. OTH pesie HOSBOAIOT 
TMIpOCyMMUpPOBaTb TOKH Ha CONMPOTHBICHHAX HM NOUYYTb OTKIOHAOLIec HalpmkeHHe 
ayia caMonucua (40) u, KpoMe Toro, BLIGUTb YMCA B ABOMYHON CHcTeMe Ha NepdoxKapTax. 
Kpome Toro naGmroneHve 3a XOJOM U3MepeHHA MpOBOAMTCA Ha DBYXJIy4eBOM OCITMI- 
norpade (41). 

2048-kaHanbHblii anaIM3aTOp UCHONb3yeTCA HM kak JByXMepHbIl aHau3aTop BpeMeHH 
3ane€pKKH MMMyJIbCa HW ero AMOINTyAbI. [A sTOTO aMUNMTYZa UCCHeAyemMoro MMIlysIbca 
nmpeo6pa3yetca Ha (aHTACTpOHe B DJIMTCIbHOCTh, H B COOTBETCTBHH C He}O OTMMpaeMbIli 
6sIOKMHT-reHepaTOp BbIaeT ONpeyeveHHOe KONMYECTBO HMMYJIbCOB (C HHTepBaJIOM B 
2,5 MKCeK), OHM OMarOTCA Ha NOCweqHMe MATb KaCKagOB ,,epecueTKH KaHasIOB“, 
a TlepBble WleCTh KaCKaOB W3MepsIOT BpeMxA 3anepxKKH. AHaJIM3aTOp B 9TOM CJIyyae 
pa36uBaetca Ha 32 BpeMeHHbIX aHasM3aTopa (No 64 kaHana), paSoTaroulux OJHOBpeMeH- 
Ho. Kaxkubiit 13 HHX WaeT BPeMeHHble H3MePeHHA JIA CBOETO ONIpeAesIeHHOrO MHTepBasa 
aM@iMTyo. B KavecTBe WJWNOCTpalMa NpMBOAMTCA MByXMepHbIit cneKTp y-yye OT 
Ppe30HaHCHOrO 3aXBaTa Me/JICHHBIX HeliTpoHoB B radHun (puc. 2). Mpu orkmoyennn 
HepBbIxX WecTH KackajIOB ,,MepecyeTKH KaHaioB’ aHamu3saTop paOoTan Kak 32-x KaHasIb- 
HbIM aMIMUIMTyOHbI anasiM3aTop. 


3arpy3KH pH W3MepeHHAX, DPOBOAMBHIMXCA C DAHHBIMM aHasM3aTOpaMH, He IIpe- 
Bbimamu 100 umu/cek. DTO O6cTOATENLCTBO NO3BOJIMO OTKA3aTbCA OT 3aNMCH HAHHbIX 
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Puc. 2 


UacTh ABYXMepHOTO aMIVIMTY{HO-BpeMeHHOTO CieKTpa y-Nyyel OT pe3OHAHCHOTO 3aXxBaTa 
MeJUICHHBIX HeHTPOHOB B radbHyuH 


Ha MarHuTHy!0 IieHky [2] m OrpaHw4uMTbca peructpattvelt TOMbKO OHOTO uMMynbca 
3a Ne€PHOR, YTO yUPOCTMMO CXeMY M TOBbICHIIO Hae2xKHOCTb ee paGOTHI. 

DKcIMIOaTANHA aHasIM3aTOPOB NOKa3zama, YTO CTAGWIBHOCTE padorTs! B GonbMIOn Mepe 
3aBUCHT OT Ka¥eCTBa MCTOYHAKOB WuTaHua. Tipu Hanagke anaru3aTOopoB HEOOxOqMMO 
Take NPOW3BONHTb TiWlaTesIbHbI OTOOp NOTeHUHAIOCKONOB MO kayecTBy POKyCHPOBKU 
MW 00 amniuTyye mwMnmynca. 

Co6sronenue 3Tux ycnoBHit MO3sBONAeT OGecte4HT HayexkHy!o K yCTOH4MBy1O pa6oty 
aHaNIM3aTOPOB B TeyeHHe IMTeIbHOrO BpeMeHH. 

B MOHTaxke cxeM, Hanaqke M 9CIIlyaTauMM aHanM3aTOpoB NpHHHMann yy4acTue 
cotpyqHuku na6opatopun Congatos A. H., Xapurouos A. JI. uTasnos B. B., KOTOphIM 
AaBTOPbI BbIPaxKaloT HCKpeHHioro OnarogapHocTh. 

AsTopbl Takxe c GnaroyapHOCTbIO BCNOMMHAIOT ApyxkecKky!0 NOMOMI[b, OKa3aHHyto 
pH HasiayKe CX€M COTPYHHHKaMH MaTeMaTHYeCKOrO OTYeNa HHCTHTYTAa T.T. ABJeeBLIM 
H., Boposnessm C. u Jlarenmessim HO. A. 


JIATEPATYPA 


{1] HAKUTHH, C. 4., TAJIAHMHA, H. 0., UTHATBEB, K.T., OKOPOKOB, B. B. u 
CYXOPY4UKUHH, C. U., ,,.Asmepennsa nonusix He#TpORHEIX CeYeHH H30TONOB ypana-233, 
ypana-235, miyTonua-239 meToyqoM ,muratomlero’ nyyka.‘* Jloxnag wa Kenesckol KoH- 
depenumna (1955). : 

[2] APHATBEB, K. . w CVXOPYUKUH, C. H., ,, MHorokanasbHnlii BpemeHHoli ananu3atop 
MMIYJIbCOB Ha MoTeHumasocKkonax.”* Jloknan Ha TY Beecorosnoit KondepeHuMA No snepHoi 
PaZMOSIeKTPOHHKe, anpemb (1959). 

[3] JIAYT, B. U1. u JIKOBOBMGY, A. A., ,,3anommnaroulee ycrpoiicrBo Ha 3JIEKTPOHHO-JIYYeBbIX 
Tpy6xax 6xictpogeiicrByiouleH 9eKTpoHHOw cyeTHOH MammMHEI AKanemun Havk CCCP“ 
(1957). 

[4] AFHATBEB, K. T., KAPIIM4HUKOB, HM. B. x CYXOPYUKUHH, C. V., Cnextpomerp 
HeHTPOHOB C ,,MHrarouluM ny¥KOM“ wuKoTpona. TITS, Ne 4 (1959) 25. 


CMCTEMA VW3MEPEHMM MW PETMCTPALIMM 
HA 256 KAHAJIOB 
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A. C. TyqHa 
CCCP 


Abstract — Résumé — AnsoTagua — Resumen 


A 256-channel measuring and recording system. The paper discusses a system of measuring 
and recording units intended for use in a wide range of physical experiments. 

The basis of the system is a 256-channel register unit with a channel capacity of 216 and a 
control unit. The system is executed on ferrite cores and transistors. 

The arithmetic element of the register unit makes it possible to perform adding and subtracting 
operations. The time of a complete cycle up to the memory is 20 ps. In the control unit, the 
basic controls, such as the settings for registering, counting and recording, can be combined 
in any order, which gives a much wider range of application as compared with normal equipment. 

The frequency of the control unit is taken from a 4-Mc/s quartz generator. 

As measuring units the system employs a pulse-amplitude-to-cipher code converter with 
a conversion time of 0.25 »s per channel, integral non-linearity better than 0.1%, differential 
non-linearity less than 4%, zero drift less than 0.2 V and channel-width instability less than 
0,4°%, for lengthy periods. 

The converter system employs tubes. The time selector, which employs transistors, has a 
channel width from 1 to 64 ps; the channel-width instability is less than 10-*. The logic of 
the circuit is such as to permit registration of incomplete pulses into the channel for channel 
widths of more than 8 ps. , 

The unit used to convert small time-intervals (10-9—10-7 s.) into a unitary cipher code has 
a time resolution of about 2 x 10-5s. and a channel width stability better than 10-2, 

From the memory unit the information can be passed either in an analogue form to an oscillo- 
graph tube or in the form of cipher code to a printer and indicator lamps. 


Un systéme de mesure et d’enregistrement 4 256 canaux. Le mémoire étudie un systéme de 
circuits de mesure et d’enregistrement, destiné A des expériences de physique extrémement variées. 

Le systéme comporte comme éléments principaux un circuit enregistreur 4 256 canaux, avec 
une capacité d’enregistrement par canal de 216 coups, et un circuit de commande, les deux 
circuits étant a ferrites et transistors. 

La conception arithmétique du circuit enregistreur en assure le bon fonctionnement, tant 
pour l’addition que pour la soustraction. ; ‘ 

La durée du cycle complet d’appel 4 la mémoire est de 20 ys. Dans le circuit de commande, 
les opérations essentielles —- addition, enregistrement, etc. — peuvent étre combinées dans 
n’importe quel ordre, ce qui permet de donner a Yappareil des applications beaucoup plus 
variées que ce n’est le cas dans les appareils existants. 

La fréquence du circuit de commande est assurée par un générateur a quartz de 4 MHz. 

Lesystéme utilise, pour le circuit de mesure, un dispositif transformant les amplitudes des impul- 
sions en un code numérique, avec un temps de transformation de 0,25 us par canal, une non-linéarité 
totale inférieure 4 0,1°%, une non-linéarité différentielle inférieure 4 4%, une dérive de zéro infé~ 
rieure A 0,2 V et une instabilité de largeur de canal inférieure 4 0,4 % pendant un temps prolongé. 

Le circuit du transformateur est muni de tubes. La largeur de canal du sélecteur de temps 
varie de 1 4 64 us. L’instabilité de largeur des canaux est inférieure 4 10-4. La logique du systéme 
permet d’enregistrer les impulsions incomplétes recues par le canal, pour une largeur de canal 
supérieure 4 8 us. Le circuit est équipé de transistors. ; 

Le transformateur des petits intervailles de temps (10-9 4 10-7 s) comporte, dans un code 
numérique simple, une résolution du temps de Pordre de ~ 2 - 10-5 s et une stabilité de largeur 
de canal supérieure 4 10-2. 
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Le circuit mémoire permet d’exploiter les résultats, soit sous forme analogique par oscillo- 
gramme, soit sous forme numérique sur machine 4 imprimer et lampes témoins. 


Cucrema w3mepennii a perucTpaguit wa 256 Kananos. B noKxnane oOcyxjaeTca cucTema 
HM3MEPHTEIIBHBIX MW PerucTpupyioulMx SloKoB, NpeqvasHayeHHad WA WMpoKoro Kpyra (usu- 
YeCKHX IKCOeCPHMEHTOB. 

OcHopolt cucTembI aByinetca 256 KaHanbHEit Gok perucTpallMH c EMKOCTbIO Kanata 216 4 
60K yoOpaBNeHHsa, BLITIONHeEHHbIe Ha deppuTax HM TpaH3ucTopax. 

Apudmetuyeckoe ycrpoiicrao 6s0Ka peructpayuu oGecnewpaet pa6oTy Kak B pexKHMe 
CYMMHposaHHa, Tak WH B PexHMe BbIMMTAHHA. 

Bpems NomHoro qukNa O6pamienua k Namatu — 20 mxcex. B ycrpolictBe ynpaB.1eHua OCHOBHEIe 
KOMAaHAbl, TaKHe KaK YCTaHOBKa PerMCTPOB, CYMTbIBAHMe, 3alIMCh M T.., MOryT. KOMOHMHH- 
poBaTbca B THOOOK NocNeOBaTeMbHOCTH, 4TO MO3BONAET 3HAYHTCMbHO pacwiupuTe pyHKOWU 
mpHOopa Mo cpaBHeHHtO C W3BeCTHbIMM IpHGopamu. 

TakTopas YacToTa ycTpoiictBa yUpaBNeHHA 3aqaeTcA KBaPUeBbIM TeHepaTopom Ha 4 Mrru. 

B kavecTpe u3MepHTeBHEIX ONOKOB B CHCTEMe HCHONB3YIOTCA CllefyIoWe: npeobpas0BaTesb 
AaMIUIMTY MMIIYJIbCOB B WMpOBOH Koz CO BpemMeHeM mpeobpa30BaHuA 0,25 MKceK Ha KaHaji, 
MHTerpasibHOu HesIMHeMHOCTHIO yume ~ 0,1 %, mudhepenumabHol HesIMHeHOCTHYO MeHee 4%, 
upeliom Hyia meHee 0,2 B mw HeCTaGHIbHOCTbIO WIMpHHEI KaHasioB MeHee 0,4% B Tevenne 
WJIMTeMbHOTO BpeMeHH. 

Cxema npeoOpa30BaTesa BbINOMHeHa Ha Jamnmax. BpemenHoi cemeKTop umeeT WIMpHHy 
kKaHayia oT | no 64 mxcex. HecraOunbHocrh mIMpHHbI KaHasioB MeHee 10-4. Jloruka cxembr 
WOMyCKaeT PerHcTpalio HeNOJHBIX HMMYIIbCOB B KaHaJl Ip WupwHe kaHana Gomee 8 MKCEeK. 
Cxema BBITIOJIHeHa Ha Tpan3HcTopax. 

TIpeoO6pa3opaTenb MasIbIX BPEMEHHBIX HHTepBaos (10-9—10-7 cex) B equHMUHEIA UN@poBOL 
KOU MMeeT BpeMeHHOe pa3pellenue ~ 2. 10-5 cek w cTa6uMBHOCTD WIMpHHEI Kavala nyame 10-2, 

Boisoy unopmMaHn “3 60Ka HaMATH BO3MOxXeH B aHasoroBo dopMe Ha ocuMANOrpadn- 
yecKYIO TpyOky 1 B UMpoBoM Buye Ha MeyaTaroulyro MallMHKy MW WHQMKalMOHHbIe JaMMmoyKu. 


Sistema de medici6n y registro de 256 canales. Los autores describen un sistema de dispositivos 
de medicién y registro que puede utilizarse en una extensa serie de experimentos de fisica. 

Este sistema, que consiste fundamentalmente en un dispositivo de registro de 256 canales 
con una capacidad de 216 por canal y en un dispositivo de mando, esta constituido por nicleos 
de ferritas y transistores. 

El elemento aritmético del dispositivo de registro permite efectuar operaciones de adicion 
y sustraccién. 

La duracion de un ciclo completo hasta la ‘‘memoria” es de 20 us. En el dispositivo de mando, 
el registro, el recuento y la inscripci6n pueden ajustarse y combinarse en el orden que se desee; 
esto da al nuevo sistema un campo de aplicacién mucho mas amplio que el del equipo corriente- 
mente utilizado. ; 

Un generador de cuarzo de 4 MHz establece la frecuencia para el dispositivo de mando.’ 

En el sistema se utilizan los siguientes dispositivos de medicién: un convertidor de amplitud 
de impulsos en clave de cOmputo numérico con un tiempo de conversién de 0,25 us por canal, 
una desviacién de linealidad integral inferior a 0,1 por ciento, una desviacion de linealidad 
diferencial inferior al 4 por ciento, una deriva del cero inferior a 0,2 V y una inestabilidad a 
largo plazo de anchura de canal inferior a 0,4 por ciento. 

» Para el circuito de conversi6n se utilizan valvulas. El selector de tiempo, para el que se emplean 
transistores, tiene una anchura de canal variable entre 1 y 64 us; la inestabilidad de esta anchura 
es inferior a 10-4. El circuito esta concebido de forma que permite registrar en el canal impulsos 
incompletos para anchuras de canal superiores a 8 us. 

El convertidor utilizado para expresar intervalos breves de tiempo (10-9 a 10-7s) en una 
clave de cémputo numérico simple tiene un tiempo de resolucién del orden de 2 - 10-5 s y una 
estabilidad de anchura de canal superior a 10-2. 

La informacién acumulada en la “‘memoria” puede transmitirse en forma analégica a un tubo 
oscilografico y, en clave de cOmputo numérico, a un aparato impresor y a lamparas indicadoras. 
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CoppemeHHBIe MeTODbI 9KCHepHMeHTaIbHO ayepHow dbusnKu TpebyroT co3qaHHa 
MHOTOKaHasIbHbIX IpHOOpOB c 3aNOMMHAIONIMMH ycTpoiicrBamH ZocTaTOUHO OombLIOK 
eMkOcTH H HaGopomM G6N0KOB, NO3BOAIONINX W3MePATb AMIIMTYHHbIC HW BPeMeHHEIe 
pacnpenenenusa WMMyJIbCOB C METeEKTOPOB AMCPHbIX M3IyYeHH C MOCeAyIOUIMM aBTo- 
MaTHYeCKHM BbIBOOM pe3yJIbTaTOB H3MCpeHHA B HumposoM HM aHanoroBoM BHJe. 
B cBa3ma c 9THM MpegcTaBlsaerca uenecooOpa3HbIM KOMIIIeKCHOe MNpOeKTHpOBaHHe 
TipuSopos c obmel cucremol peructpauuu, oOOcnyxkuBatolleht HAabOp H3MepHTE/IbHBIX 
6n0KOB, B OTIMYNe OT Y3KOCHeWMaTH3MPOBaHHbIX MpHOopos BA aMNAMTyAHOTO, 
BpeMeHHoro wu gp. anamusa [1] [2] [3]. 

Huxe mpapogqurca oOnvcaHve OCHOBHEIX GJIOKOB CHCTeMbI HM HX OTACJIbHbIX y3JIOB. 
Boiox-cxema CHcTeMb! mpHBeeHa ua puc. 1. 


| 


“Puc. 1 
Baok-cxeMa CHCTeMBI 


AIT — npeo6pa3onatenb amnnutTyabr B uMdposow Kon; BIT — npeo6pasopatenb MalIbix 

BPeMeHHBIX HHTepBasoB B LMdpoBo Kon; BC — spemeHHol cenexrop; O — ocumsnorpad; 

YP — ycrpoiicrso perncrpauuu; YY — ycrpoiicrso ynpasenus; LITTY — mudponeyataroniee 

ycTpolicrso; BB — BbICOKOBONBTHbE craOwAM3MpoBaHHbI BEINpaMuTenb; YIT — ycrpoiicrBo 
NMTaHHA 


YctpoiicrBo perucrpauMu, ycTpoiicTBo yupaBeHus, BpemMeHHOK cemeKTOop HM Ap. 
yCTpoiicTBa CMCTeMbI BbITIOJIHCHbI 3 CTaHAapTHBIX IIeEMeHTOB Ha TpaH3HcTOpax HU 
dbepputax. 


1. YerpoiictBo perucrpanan 


Bsiok-cxeMa ycTpolicrsa perucTpauwH noKka3aHa Ha puc. 2. 3arlomHHaromlee ycTpoii- 
CTBO BBINOJHeHO Ha tbeppuTax MO CucTeMe COBMaqaroWIHx TOKOB, HMeeT 256 KaHasIOB 
HaMATH C EMKOCTBIO KaxKTOrO Kanana 236, , 


3anomnualollee ycTpocTBO uMeeT deppuTOBYy!IO MaTPHIy NAMATH, apecHy!o YacTb, 
apud@MeTH4eCKy!IO YaCTb M MCTOYHHKM MMINYAbCHOTO NHTAHHA MaTPHUbI. Bce asleMeHTb! 
BbINOJHEHbI Ha TpaH3HcTopax. 

APECHAA YACTb COCTOMT 43 perucTpa agpeca (PA), MocTpoeHHOro Ha CTaTHYeCKHx 
Tpurrepax, BBYX JHOMHBIX DelmmbpaTopow wu TpuAUATH OByx KiHOYe Cc TpaHcdop- 
MaTOpaMH JIA Tepeqayuw HMMysIbCOB TOKa CYHMTbIBAHMA HW 3alMCH B MaTpALy. 
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Bpema priGopa alpeca 3aBucHT OT pexuMa paOoTbl Bcef cucTemMbl. B pexume 
AMIVIHTYHHOrO aHasiM3a u 6bBICTpOrO BPeMeHHOTO aHasIM3a YaCTOTa HMIMyAbCOB B 
cepHH, NocTynarollux B perucTp aypeca, paBHa 4 MITH, B pexKaMe BPpeMeHHOrO CeneKTOpa 
OHA H3MeHHeTCA B 3ABHCHMOCTH OT IWIMpHHbI KaHayIOB B Mpenesax or 1 MIT Oo 


CHNTBIBAHNE 


bao BELSEAS: 


cSPoc 8. | 


+1 


Puc. 2 
Baox-cxema ycrpoiictsa peructpaumu 


T — cratuuecxuit tpurrep; YA — ycunutenb anpecusiii; J — nemmpatop; AK — agpecubiit 
xmoy; TATC — reHepatop agpecHsIx TokosB cynTbiBaHua; TAT3 — reHepatop ampecHBix 
TOKOB 3amucu; KIT — xy6 namaru; FK — renepatop KogosBbix uMiyibcos Toxa; HY — 
BYXTAaKTHEIM youuTenb; YOU — ,,ycunutTenb utenua’; MJIM — yopapnaemas cxema ,,MJIM“ 


1 xru. B pexume mposepxu yacToTa paBHa 50 Kr, B pexkuMe BEIBOJa HHPOpMalHH 
COcTaBJIdeT CXMHUMLUEI TepL. 

Tlepsbie yeTbipe Tpurrepa pervcrpa aapeca OTJIM4YAIOTCA OT BCeX HIPOYHX B CBA3H 
C BbICOKOM yacTOTOH BEIGopa aapeca B pexuMe M3MepeHHaA. 

JIA NOBbILICHHA MOTEHUMAIbHOrO YPOBHA CHTHalibl TPHTrepoB ycusiuBaroTcA Tepes, 
NlOcTymleHveM Ha BXOZ DeliMdpatopa. 

UcTouwHuku MMIYJIbCHOrO TNMTAHHA MaTPHLUbI COCTOAT H3 YeTbIPeX FeHepaTOPOB ToKa 
(m0 WBa reHepaTopa Ha Kaxky1o alpecHy!O COCTABIIAIOMIy!IO TOKa), KOTOPbIe MOCbIIaIOT 
MMIyJIbBCLI TOKA CUMTLIBAHHA WU 3alMcH B TpaHCHOpMaTOpbI alpecHElx KrO4eH. 

TIlo kaxaqOMy HalipaBsieHuio B TIPOBOZAWIeEM COCTOAHHM Oka3bIBacCTCA TONbKO OHH 
KNOY, Yepe3 TpaHctbopMaTop KOTOpOrO TOK NoctynaeT B MaTPHIy. 

TloMuMo c¥eTHOrTO BxXOfa alpecHbIii perHcTp MOxXeT YIpaBIIATbCA HMIlys/IbCOM Tapasi- 
JI€bHOrO Kona, Gnaroqapa 4YemMy HMeeTCA BO3MOKHOCTh MPOBOAMTL K3MepeHuA 10 
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H€CKOJIBKHM MapaMetpaM. Curnasl NepenosHeHU¥A PercTpa BbINOMHAeCT posb KOMaHA- 
HOrO MMilyJIbCa, OH WaeT KOMaHAy 3alpera uMkNa peructTpaumn. 

YcTaHoska peructpa B HyJleBoe COcTOsHMe NPOM3BONMTCH BHELIHUM MMIyIbCOM OT 
ycTpojictsBa ynpapenna. 

APH®METHYECKAA YACTb COMep KUT apudbMeTHueckuii peructp (AY), ycunutenn 
4TCHAA CHFHAJIOB C MATPHUbI WU reHepaTOpbl KOAOBbIX MMMYsIBCOB TOKAa. 

UvcHO M3 MaTpHUbl nepexaeTca B apudMeTuYecKHi perucTp napasenbubIM KOOM 
yepe3 yCHIUTeIM 4TeHHA. 

Hanmuue Ha Bxoge KaxkOrO Tpurrepa ynpaBnseMoii cxeMbI »WJIA no3somser 
BbIOMpaTb MMIyJIbcC MepeHoca c mO6oro BBIXOZa lpeqbiayulero Tpurrepa. Takum 
o6pa30m ycTaHaBIMBaeTca pexkHM CyMMHpOBaHHA, 1H60 BLMTAaHUA. Bei6op pexuma 
OcyllecTBIAeTCA TYMOJepOM, 3aMalOWMM HYKHbI NoTeHUMa Ha ynopaBlsroume 
BXOAbI BCex cxem ,,MJIM“. Cxempi ,,WJIM‘* umerot takxe uMMyIbcHoe ynpaBmenue 
Aa ONOKMPOBKH CHTHaOB NepeHoca, BOSHMKAIOUIMX pH Mpweme Koga u3 MaTpHubl. 

TloreHuHabHbie BEIXOAbI TPHTTepoB yupaBAAIOT COOTBETCTBYIOUIHMM TeHepaTopamu 
KOAOBbIX HMHYJIbCOB TOKa, BbIXOJbI KOTOPbIX HEMOCPEACTBEHHO CBA3aHbI C KOAOBbIMK 
oOOMOTKaMH MaTpHUpl. 

Mimnynpebl ToKa, paBHble MOOBHHeE TOKa MepeMarHvuMBaHus, MpoTeKaroT yepe3 
KOZOBbI€ OOMOTKH TPH 3aMHCH B JaHHbIii pa3spad Kanaya ,,0°. 

Bo36yxxqarowiMii curHasl OT Tparrepos nocTynaeT Ha reHepaTopbl KOAOBBIX MMITyJIbCOB 
yepe3 ABYXTaKTHble yCWJIMTeNIM. 

BbIxOaHble CHIHaJIbI yCHIMTeNel UCNOMb3yIOTCA Takxe MIA MOny4eHUA ananoroBoro 
NIP€ACTaBJICHHA WicNa, 3aNMCbIBaeMOrO B MaTPHLy, C MOCeAyIOWMM BLIBOJOM HX Ha 
Y-ycuuIMTenb ocuMINOrpada cucTeMBI. 

Tipu HaG6ope undopmauuu apudmermueckui peructp paGoTaeT B pexuMe cyM- 
MMpoBaHHaA (HIM BbIYHTaHHA) eDuHMUbI. Ycranoska perucrpa B cocTosHue 0°* 
OCYIIECTBIINCTCA BHEIUHAM UMITyJIbCOM. Bpema HeoOxoguMoe aya uTeHHA, NOGaBIeHuA 
CAMHMUbI, 3a0MCH H yCTaHOBJIeEHHA B MCXORHOe COCTOAHHe perucTpoB paBHo 20 MKCeK. 

MyguKauaa craTuyeckux cocTosHuii TpHrrepoB ocyulecTBAseTCA Cc MOMOIIbIO 
ONOKMHI-reHepaTOpoB, MHTAaIOWIMX HeEOHOBbIe saMMbl. BrokHHI-reHepaTopbl BO3- 
OyxWarloTcs BbIXOAHbIMM HallpsKeHHAMM TpHrrepos. 


2. Ycrpoiictso ynpapseHna 


Yctpolicrso ynpaBieHua cocTouT 43 AByx YacTell: NporpaMMHOro ycTpouicrBa HK 
TaliMepHoro YCTpOiicTBa. 


1. TIPOrPAMMHOE ycTpoiicTBO (pHc. 3) BKTOUAeT: 


1. Pay 6noKnur-reHepatopos c mHHHAMH 3aepxKu, OGecreymBaroluMx Mocieyz0- 
BaTeJIbHy!O BO BpeMeHH MOdady KOMaHDHBIX CHTHAJIOB Ha Apyrue 60KN B COOTBETCTBHH 
c BbIOpaHHOi MporpamMmois. 

2. Pay nmorm4eckux CxeM: CMHXPOHM3Mpyrollee YCTpOiicTBO, COCTOsIee 3 CXeMbI 
»MJIM™ (16), nepecuerno GunapHot sueiixu (17) u gByx dopmupyroujux 6n0KuAr- 
reHepaTopos (18, 19), HopMayIbHO OTKpbIToro KHOYAa (13) u KuFOYAa (15), ynpaBsIAeMbix 
Tpurrepom (14). 

Bce WmHbI ycrpolicrsa ynpaBnenua “ Apyrux On0KoB aenATCA Ha KOMMYTHpyeMBIe 
W MOCTOAHHEIe (Ha cxeme OO03HaYeHbI MyHKTHpoM). KommMyTupyeMble WIMHbI ycTpoiicrBa 
youpaBJiCeHHaA Apyrux 6Os10KoB, TakHe Kak BXOHbie LWIMHbI KOMaHHbIxX 6n0KHHT- 
TeHepaTOpPOB, BXOZHbIC, BbIXOWHbIe M yCTaHOBOUHbIe wWHHbI AY, PA, TIT-1, TIT-2 u mp., 
BbIBeAeCHbI Ha Ppa3sbeMbl epee KOMMYTAaLIMOHHOU cyOnaHesn. 
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TIporpamMsbt HaOpaHbi Ha CIlelHasIbHBIX CBeMHBIX KONOAKaxX Cc pa3sbemMaMH — 
cBoco6pa3HEix JI3Y wa Auogax, NepexmouyaTenAx M pere. OTBETHBIE pa3beMbl YCTAHOB- 
eHbI B 6IOKe. 


RAAPYFHE =BNOKH = MLC NPOFPAMHOE YCTPORCTBO 


TAWMEPHOE YCTPORCTBO APOFPAMHOE YCTPOWCTSO 


Puc. 3 
Bolox-cxema ycTpolictBa ympaBleHHa 


1 — 3anarommit reHepatop c kKommytaumelt; 2 — TIT-1; 3 — TIT-2; 4 — Onokunr-renepatop 
ycranosku B ,,0“ AY; 5 — 6noxuur-reHepatop ycraHosku B ,,O“ PA; 6 -~ 6OKHHT-reHe- 
paTop nosxnporpaMMbl cuMTEIBaHuA; 7 — ONOKMHTTeHepaTop NoAMporpamMb! 3anvcn, 8 — 
OIOKMHT-reHepatop Kona; 9 — Tpurrep KOMAaHJbI BLIYMTaHMA; 10 — Os10KUHT-reHepaTop 
nocyeta; 11 — 6noKnur-renepatop nycka; 12 — 6noKuHr-reHepatop, PopMupyiowiMik Ha BxXOTe 
PA; 13 — kylO4 MMMYIbCHO-NOTeHOMaIbHBIM; 14 — Tpurrep; 15 — k.1104 MMIYJIBCHO- 
nloTeHuvanbubiit; 16 — cxema ,,AJIM“; 17 — rpurrep; 18 wu 19 — 6noKuHT-reHepaTopEl 
dopmupyromme; 20 — 6noxKnHr-renepatop, dopmupyrouimii Ha Bxone AY: 21 — 6noKnHTr- 
reHepaTop, @opmupyrowMi Ha Bxone PA; 22 — KOMMyTAaIMOHHaA MaHeyb 


2. TatimepHoe ycrTpoiicrBo (pic. 4) BKIIIOUAET: 


a) Kpapnosannstii 3aqaromuit renepatop (1), paOoTatouMii Ha YacToTe 4 mri; OBe 
6uHapHBle nepecueTHbIe s4eiiku (2) c SMMTTePpHbIMY NOBTOpUTeAMH (3), NOHWKaIOLIME 
yacTOTy 3aarolllero reHepaTopa 40 1 mrul M ciy2KalllMe OAHOBPeMeHHO CXeMOM Tpo- 
nyckaHus, yopaBiisemol tTpurrepom (4); Opicrpoe DeKkaHoe mepecieTHOe ycTpoH- 
cTBo (5), NOHMxKaroMlee wacTOTy 3afaroulero reneparopa go 100 Kru; MMnMyJIbCHO- 
NOTeHWMANbHbI KHOU (6), yopaBssembri Tpurrepom (7); 6moKuHT-reHepaTopsr (8), 
opMupyroumme UMNMysIbCEI. 

6) MepecuetHoe ycrpolicrBo IIT-1 Ha 10°, cocroamee u3 naTH heppnTO-TpaH3HCcTOp- 
HEIX yexan (9) c perynMpyeMbIM kKoopunHeHTOM TMepecieTa UW CKOpOCTbIO cyeTa 
100 Kru, coenMHeHHBIx Mexay cool yepe3 cxempl ,,AJIM (10) o19 BBona qonon- 
HHTebHBIX MMIyIBCOB Ha KaxkKAylO Dekagy pa3iesIbHO; (opMupyroulnx OOKMHI- 
reHeparopos (11) Ha Bxoge, Ha BbIxone u cOpoce. 

B) IepecuerHoe ycTpoiicrso TT-2 na 103, cocrosmiee 43 Tpex aHasIOr i 4HbIX cbepputo- 
TPaH3HCTOpHBIX neKkay (12) c dopmMupylommMu ONOKHHT-reHepaTopamMui (13) Ha Bxoze, 
BbIXOZ€ WH yCTaHOBKe B HYyJIeBOe COCTOAHKE. 


256-KAHAJIBHAA CHCTEMA PEIHCTPALHi HW H3MEPEHHI 227 


CucreMa HMeeT cylefyroulMe TporpamMMpl paGorTEl: 


1. AMNMTYoHbIi AHAIN3 HM aHana3 dyHKuMii — HaxoxyeHue CTaTHCTMYeCKHX pac- 
lipezeseHHi 10 aMIWIMTy7aM HMNMysIbcoB HW OpiwHaTam dyHKuMi. Tiporpamma pa6orTst 


wat KOH 1 


AOCHET 


HAY 1 KOH 1 


AOCHET 


AOCHET GBPOC 


Puc. 4 
QiemenTEI TaiiMepHoro ycTpoiictsa: 
a) GoK-cxema 3ajaloulero reHepaTopa c KOMMyTauHeit; 
6) 6noK-cxema nlepecueTHOro ycrpoiicrBa TaliMepa Ha 105 (IIT-1); 
B) CIPYKTypHad CxeMa [epecueTHOrO ycTpolicTBa Taiimepa Ha 103 (TIT-2). 


Tip AMIUIATY THOM aHaliM3e JOCTMTraeTca MyTeM NOAKIIOYeHHA JIEMeEHTOB YY B HyKHOM 
TIOCH€HOBATeIbHOCTH, ATOGLI OCYHIeCTBUTb UMKI OnepalMii ycTaHOBKu B COcTOsHHe 
0° PA uw AY, Baona 2aHHbIxX 43 BxOgHOrO On0Ka, CuNTEIBaHHA, FOOABNeHHA EXMHHIbI 
B AY u 3amucn pe3yibTaTa 0 Tomy xe ampecy. 

Kaxkapii UMK TporpaMMbl BBISbIBaeTCA MMITyIbCOM Cc WaTYHKa, NocTynarouyuM 
mocne TOrO, KaK 3akOH¥eHa 3a0MCb MpeybiAylWero pesyibTata. 

TlepecueTupie cxempi TaliMepHoro ycrpoiicrsa IIT-1 u IIT-2 npu 3Tom coenmnarotca 
MOCNeOBATeIbHO MW PervcTpUpy!loT ,,MepTBoe’’ nH paboyee BpeMaA NO UMMyNECaM, 
NIOCTYMaroulMM M3 BXOZHOTO aMMJIMTyQHOrO ycrpoilictTBa. 

2. TipK BPEMEHHOM CEJIEKUMH 3JIEMeHTHI TaHMepHOTO yCTPOCTBa COeNMHEHbI 110 
CxXeMe, IIpHBeyeHHO Ha puc. 5. 


CTAPT 


\ 


KAHAN. AMT 


Puc. 5 


Cxema coequnenuii 9nemeHTOB TaliMepHoro ycTpolicrBa B mporpammax BpeMeHHOM cemexuuH 
1 — 3anarommit TexepaTop c xommytauuelt; 2 — TIT-1; 3 — MT-2 
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TaiimepHoe ycTpoiicrBo oGecne4nBaeT Kak 3aqep2%KKy CTapTOBOTO UMMyJibCa, TaK H 
BbITaty Cep4H MMMyJIbcoB, Nepvosy, NOBTOpeHvA KOTOPbIX ONpeyesseT WNPHHY KaHasiOB 
cenektopa (KaHaJIbHbie MMUysIbcbl). 3anepxKKa MMMYJIbCOB MOxeT ycCraHaBIIMBaTBCA 
oT 10 mxkcex go 1 cex c TouHOcTbIO 0,25 MKceK H MO2KeT W3MeHATECA CTyMeH¥aTO 
yepe3 10 MKCeK; LIMpvHa KaHasIOB MOxXeT perymHMpoBaTEca oT 1 MKceK qo 1 MceK. 

Lluxs1 onepaunii BkIO4aeT 3alIMcb, ycTaHoBKy AY B cocrosuue ,,0“*, 70daBnenne ,,1“* 
ouvepenHOro KaHasIbHOro uMIyIbca B PA, cYMTBIBaHHe, BBO AaHHEIx B AY 143 BXODHOrO 
6noKa. 


3. Tip BPEMEHHOM AHAJIM3E OGeCIICYHBaeTCA LIMKJI ONlepaluii BBeqeHHA KOWa anpeca 
Bp PA, cuntTsrpanva ucya mo BeIGpaHHoMy agpecy, ZoGaBnenua ,,1‘° k CuMTaHHOMYy 
uHCIYy WM 3aNMcw MOJy4IeHHOTO YuCa 0 3TOMy %Ke ampecy. 


4, TIporPAMMA-YCTAHOBKH B cocTosHHe ,,0** sceii CHCTeMBI (aMATH HM perMcTpos). 

B coorBercTBuu Cc 9TOM MporpaMMoii DaHHble U3 KaxKOTO KaHasa WaMATH BbIBOAATCA 
sp AY w ocymectBisetca ycranopka AY ps coctoanue ,,0“ AY. Ilocne ycraHosKu 
naMaTH B cocrosHne ,,0S NpOM3BOAHTCA OKOHYATeIbHaA yCTAHOBKa BCCX PerHCTPOB B 
coctosnue ,,0**. 


5. TlporeAMMA TIPOBEPKH Npu6opa NO3BONAeT MOCMeELOBAaTEJIbHO (NyTeM AOGaBIeHHA 
equHupI B PA) agpecospaTbca BO BCe KaHaJIbI WaMATH M BBOAMTb B HX MOC/IeOBaTeJIBHO 
yepe3 apudbmMeTH4eckve ycrpoiicrpa 0 equHuue. [ipa HopMambHo paOoTe nmpu6opa 
Ha ocuMmorpade HaGmrogaerca KapTHHa paBHOMepHoro 3anonHeHusA KaHasoB. [pu 
BbIXOZe M3 CTPOA OTACNbHBIX ZEMEHTOB perucTpallmu HaOmOgaloTca ,,BbIMAabI 
KaHa@JIOB, CBA3AHHbIX C 9THMH 9/IeMeHTaMH. 

TIpu6op umeet 4 mporpaMMbl BbIBOa TaHHbIXx. 


6. TIporpAMMA HABJIOgZEHKMS. Ilo 39TOH MporpaMMe lO KaxkOMy aApecy Mpou3- 
BOXMTCA TUK CUMTHIBAHHA-3allMCH, B pe3yJIbTaTe KOTOPOTO YHCIIO 43 MaMATH BbIBOAMTCA 
sp AY.“ B anasloroBol dopmMe nocTymaeT Ha Y-ycuuTenb ocuMorpada. 


7. TIPorPAMMA OTCYETA. Flo 9ToM mporpamMme BbIOupaetca mroGOoii aapec nyTeM 
no6aBieHud COOTBETCTBYIOINero YuCIa uMnyibcoB B PA, nocne vero cileazyeT mpo- 
rpamMMa HaOsroneHia M Mepesanvcb ero nO aHHoMy aypecy. “ucu0, 3anvcaHHoe B 
3TOM KaHasle, MOxeT GObITb ONpezeeHO 10 MHAWKalMOHHBIM Jamnoukam AY wm 
oTHeyaTaHo Ha WMdponeyatarolyjem ycTpoiicTsBe. 

8. IIPorPAMMA MEYATH BKIOYaeT OMepallMH ycTaHOBKH B cocTOaHHe ,,0O AY u 
TIT-1, no6apnenua ,,1‘* B PA, cunTEBaHua, 3anucn, O6pamlenuaA KOAa MU ZOCHeTA. 

Tlepecueruple ycrpoiicrsa taiimepa HCMONb3yIOTCA MPH 3TOM Kak perucTpbl 4Cces 
WI Tpeo6pa30BnaHaA ice u3 ABOMYHOTO KOA B OecATHYHBI WH Wiad NeywaTH Hu 
BKJIFOYAIOTCA, KaK TlOKa3aHO Ha pu. 6. 


CHHXPOK 
UN@PONEY 
Hy 


Hh UMQPORENATE 


Hhayt 


Hy Ky AOCNET 
Puc. 6 


Cxema coeaquneHHit TalimepHoro ycrpolicrsa B IporpaMme ,,jreqaTb 
1 — 3anarowmii reneparop; 2 -—- cxema ,,M“; 3 — munna 3agepxKxu; 4 — IIT-1 
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Bce 43/10%xKeHHbIe NporpaMMpl paOoTbI paccMaTpuBaIOTCA JIMINb Kak THHOBbIC; OHM 
HanekO He MCYEPMbIBalOT BOSMOXHOCTeM CHCTeMbI. KoncTpykTHBHO YY odopmueHo 
Tak, 4TO BO3MO%KHA CMeHa NPOrpaMMHbIX BCTaBOK MH, CNeMOBaTeIbHO, MporpaMM B 
COOTBETCTBHM C pa3HooOpa3HbIMH TpeSoBaHHAMH 9KCHeEpHMeHTAaTOPOB. 


3. Bxogupie ycrpoiicrsa cHcTembI 


B cucreme Wcnonb3yeTCA HECKOJIBKO THMOB BXOZHBIX yCTpoiicTs, onMcaHHe KOTOPbIxX 
MPHBOAKTCA HHxKe. 

1, BPEMEHHOH CEnEKTOP. CTpyKTypHas CXeMa BPeMeHHOTrO ceneKTopa, paspaboTaHHaa 
0X pykosogctrsom WM. MW. Porywuna, npupefena Ha puc. 7. 


Puc. 7 


Brox-cxema BPpeMeHHOroO CesleKTOpa 


AM — umnynpcer c paTunkos; Cri] — craprospiii umnynec; 3an.CTM — 3anepxanubiii 

cTapToBbiit umitynEc; Kaw — konOBbIe MMIYAbCbI agpeca (KaHasIbHbIe HMMyIECBI); Brrx. 1Y — 

HMIYJIbC 3aNOsHeHHA peructpa PA; Hay. per — uMMyIbC Ha4yana onepalMn perucTpalun; 

YcT — wmnyjbc ycraHoBKM TpurrepoB B cocTosHue ,,O“; TakT — TaKTOBbIe MMMMYJIBCHI; 
Per — spema peructpayun 


Pa6ota npeoOpa3opaTena B pexuMe ,,6bIcTporo“’ npeoOpa30BaHHA mpoTekaeT 
cileqyrouluM o6pa30m. Ha npeoOpa3opatesb NOCTyMaeT CTapTOBbI HMMyJIbC, a 3aTEM 
curHasibt c HaTunka., Craprospiii uMnynbc MocTynaer ODHOBPeMeHHO Wi B YCTPOHCTBO 
ynpaBneHHa, a 43 NOceqHero B NpeocOpa3oBaTesib NOCTyMaroT 3adepxKaHHbIil CTapTOBbIii 
MMUyJIbC WH KaHayIbHble MMIyIbcer (KV). Hepwoa yepegosanua KM moxer O6niTp 
BbiOpaH OT | MKcek yo 1 mMcex. On onpeyenseT WMpHHy KaHana BpeMeHHOrO mpe- 
oOpa30BaTesa. 

B undposoi koa npeoOpa3ytotca WHTepBasIbI BPeMeHH MeXxKTY MOMeHTOM NpHxona 
3a42€pKaHHOrO CTapTOBOTO MMIlysbca MH MOMCHTAMW TIpwxoga CHrHanos. 

Craptospii umnynbc nepesonut T, u T; B Takoe cocrosHue, np KoTOpom KnMII, 
u KnUIT, ne mponyckarioT kaHasibHble HMMYABCHI (Ha4abHOe COCTOAHHe). 3azepxaHHblii 
CTapTOBbIli MMIystbC epeBOAUT Tpurrepsi T, u T; B COCTOAHHe, KOIa UMIMMyIbCHO- 
HOTCHUMANBHBIA KKOY KAI, nogroTopnend kK MponyckanHio uMiyibcos ot Kn, 
a KnWMI1, tponyckaeT KaHalbHbie UMMyIIbChI Ha BXOM peructpa agpeca. 

C mpuxogom curnana c qaTauKa Tpurrep T, Hepesogurca B TaKoe cocTosHMe, np 
KOTOPOM O¥4epegHOH TakTOBbii UMMysbC NpoxoAHNT 4epe3 KnMI1,, Popmupyetca Ha 
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BI, npoxogur yepes, KnIL,, nepesogurt rpurrep T, B Takoe cocToanue, pH KOTOpOM 
NOCTyMeHve TIaBHbIX MMIMyIbCOB B perucrp PA mpexpamaetca, u HalpaBysaerca 
B YY cHCTeMBI, BLI3LIBAA MUKPONMpOrpaMMy perucTpaluu. DTOT xe UMIlyMbC, 3anep- 
%KAHHbI Ha ~ 24 mKcek (BpeMA HeCKOuIbKO Golpilice BYeMeHH perncTpauMM), m0- 
crynaeT Ha Tpurrep T,, KOTOpbIii BHOBb MepeBowMTCA B COCTOAHMe, NPA KOTOPOM 
KnMIL, orTkpbipaeTca HM MOxeT TIPONycKaTb OUepeAHbIe KaHabHble MMIMYJIbCbI, a 
Kn, — wmnysecei, nocrynatoume or KnHIi,. 


Tipu paG6ote npeoOpa3onatesia B pexkume ,,MeUIeHHOrO’. npeoOpa3z0BaHHA YacTh 
uenel crpykKTypHO CxeMBI TlepekIO4aeTCA Ha LeMH, WOka3aHHble Ha pic. 7 NYHKTUPoOM. 
Kak 4 B epsom Cilyyae, CrapTOBbIM MMNyJIbcom Tpurrepp T, u T, ycranapnuBarorTcs 
B HavaJIbHOe COCTOAHHE, a 3aepKAHHbI CTAPTOBbIM MMMYJIbC C MOMOLIbIo T, OTKPbIBacT 
KnWIl,, no kKaxapti umnynec c KnoWI1, ucnonp3yeTca yxe Oa 3a0aHMA WKna 
perucTpanuu pe3yibTaTOB upeypigyuiero KaHana. CurHanbl c garunka JV, chopmu- 
posauupie BI, nocrynarot yepe3 Kn MII, 8 perucrp AY u n06aBnarorca K HHOpMalME, 
cofepskalletica B TaHHOM KaHajle naMaTu; KnVWI1, 3aKppir Ha Bpemsa perucTpalun. 


2. B MPEOBPA30BATENE AMIJIMTY, MMMNYJIbCOB HCHONb3yeTCA WIHPOKO pacnipocTpanHeH- 
HbIi MeTOA JMHeMHOTO Npecbpa3z0BaHHA AMMJIMTyLbI HMIysIbCOB BO BpeMeHHOM HHTep- 
Ball, B TeYyeHHe KOTOPOTO reHepHpyeTCA CePA MMIMUYIIbCOB, OMpeesAIOWIMX apec 
KaHasios. Jina JOCTWKeHHA BbICOKMX NapamMeTposB MO cTaOWIbHOCTM u 3arpy3O4HbIM 
xapakTepucrukaM npeoGpa3z0BaTenb BLINONHeH Ha WaMMax. 


CrpyktypHaa cxema mpeoOpa30BaTelma mpuBenena Ha puc. 8. 


CEWEPATOP YY 


CEPOG AY NPA BHEWNNIT 
way 


Puc. 8 
Brox-cxema npeo6pa30BaTena AaMIIIMTYZbI HMMYJIECOB B KOL 


Ec npeo6pa30Batesb roros K IpHeMy o4epeqHOrO HMIlyJIbca, TO BXO/AHOM MMIYJIbC 
yepe3 3apamHoe ycTpolictBo (3Y) 3apmxaeT 4O aMMMUTyQHOrO 3HayeHUa KOHDeH- 
catop ,,C“, KoTOpbIii coxpaHseT CBOe COCTOSHHe WO Tex NOp, WOKa /IMTCA UMIMyJIbC 
ogHoBu6patopa (O), 3amuparoulero cxemy G6pbicTporo pa3paga (BP). OnnosuGpatop 
3allycKaeTCa HMIyJIbCaMM YYBCTBUTesIbHOTO AKCKpyMMHaTopa (J]) ofHOBpeMeHHO c 
HayaJIOM 3apsyja KOHAeHCaTOpa ,,C**. 


B Tom cnyyae, Korga aMMJIMTya BXOZHOTO MMMyJIbCa COOTBeTCTByeT Quana30ny 
nmpeoGpa3osnatesa, cpa6aTbIBaeT AHCKPHMHHaTOp HHKHero ypoBHaA (JIHY) u He cpaOarTsI- 
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BaeT HCKPHMHHAaTOp BepxHero ypoBHa (JIBY). STO npwBO UT K TOMY, YTO HavaJIbHblli 
MMOyNbC AHCKpHMuHaTOpa (JI), mpotaa Kackagbl GnoKupoBKH (b,), anTHcoBnaneHnit 
(AC,) m copnanennit (CC), Yepe3 KackaabI NpeABapUTeIbHOTO aMIUIMTyQHOTO oT6opa 
(AC,) # (CC,) 3amyckaer Tpurrep (T,). Tpurrep (T,) Bkmrouaer cxemy JHHeMHOTO 
pa3paga (IP), kmro4 Kul, yepe3 KoTOpbIii MpOXOAAT MMITyJIbCbI TeHepaTopa Ha perucTp 
anpeca, a TaKxe cxemy OoKuposkn (B,) 3apsaHoro ycrpoiicraa. Kackay 6bIcTporo 
pa3spaga (BP) ynepxuBaetca Tpurrepom T, B 3anepTom cocTosHMA. KonoBbie HMIyJIBCBL 
c BEIxona Kul 3anyckaior tpurrep (T,), koroppm BKmrovaeT cxemy 6noKupoBKH (B,), 
3alpemlaronlylo MpOxokKZeHHe HMMyIbCOB ZMucKpHMuHaTopa (J]) Bo BpeMa HHeHOrO 
pa3paza uw perucTpaumn. 

Tipu ocTwxeHuu NepBoHadaIbHOrO WOTeHitMana Ha KOHZeHCaTope ,,C** MHcKpHMH- 
yHatop (HY) so3spatiaerca B MCXOQHOe cOCTOaHMe MH eTO MMMyJIbC Yepe3 CXeMy 
(WJIW-1) nocrynaer Ha cxemy coBnageHuii (CC3), oOTKpbITylo MO BTOPOMy BXOaYy 
Tpurrepom (T,). 

CchopmuposaHHeri umnynec c Bbixona (CC3) yepe3 Kackan da3zuposKn (®,) 
BO3Bpallaer Tpurrep (T,) B HcxogHoe cocTosHue. IIpu sTOM npekpaljaeTca NOcTynienHe 
KOZOBLIX HMNYIBCOB 4 OOpriBaeTca OnoKApoBKa (3Y) u (BP). 

Tpurrep (T,) BosBpamiaeTca B HCXONHOe COCTOMHMe HMMYJIbCOM OKOHYaHHA pe©ru- 
cTpaliuu, MoctynaroumMM OT ycTpoiicrpa ynpaBieHna yepe3 cxemy (MJIM-2). 


Cxempr (AC2) wu (CC2) yyacrsyror B pa6oTe mpeoOpa3osaTenia pH HaM4nMM 
yupaBnsarouyax wuMiyibcos. Koxtpommpyx mpoxoxyeHve MMIyibca THACKpAMMHaToOpa 
(I), onm oGecnewHBarOT pexKuM COBNaTeHHA H AHTHCOBMAeHHA C 3aaHHbIM BPeMeHHbIM 
COBHTOM M@XY ypaBAIOLIMM WM H3MepsAeMBIM MMIyJIbCaMH. 

Kackxannr (®,) u (®,) dasupyior mMMysbcEI, ynpaBimoulue tTpurrepom (Tj), ¢ 
oyepeqHbIMM MMiyabcamu reHepaTopa (I) asia ycrpaHeHHA HeompeyeeHHOCTH 4nCIa 
KOOBbIX HMIYAIbCOB, MOCTYNaIOWIHX Ha perHcTp agpeca. OHOBpeMeHHO ycTpaHsAeTca 
BIMAHMe pa3IH4HA MOporoB MepBoro Tpurrepa pervictpa agpeca, o6ycnosneHHoro 
BYMA ero COCTOAHHAMHM, Ha WIMpHHy KaHasioB. 


JIucxpumunatoppsr (IBY) u (HY) umetot ne3aBucHmMy!o perysIHMpOBKy MOporos, 
Jian TOTO YTOGLI HMETb BO3MOXHOCTL NPOBOAMTb H3MepeHHA B Y3KOM y4acTkKe ciekTpa. 
Uns 3rolt xe Wem, a TaKKe AJIN H3MepeHHit MO HeCKOJbKHM NepeMeHHbIM (ZByMepHbIii 
aHasIM3 C MaJIbIM YHCIIOM KaHasIoB) KOsmPuLMeHT Npeobpa3zoBaHHA MMeeT HeECKOJIbKO 
3HayeHnit (2:1, 1:1, 1:2, 1:4, 1:16). 

TlomMuMo H3MepeHHA aMIIMTy MMnyECOB, npeo6pa30BaTesIb MOXKET U3MepaTb 
MIHOBEHHbIe 3HadeHHA (byHKUM TO KOMaHZe, MocTynaromle OT ycTpolicTBa yipaBieHua 
Ha BXOJ MHcKpHMuHatopa (J). B stom cmy¥ae cepua uMuysbCoB c YacTOTOH | MrT 
nmocTymaeT B apuHdbMetTuyeckHi perucTp OnoKa perucTpauMu. 

VWuterpatop (VM), yka3aHHpiii Ha OsloK-cxemMe, TaeT BO3MOXKHOCTb H3MEPATb OTHOCH- 
TeMbHOe ,,MepTBOe’ BpeMa CHCTeMBI, a KHo4 (Kn2), ympaBisaemblii Tpurrepom (T)), 
mponyckaeT MMIyJIbCbI, HEOOXOZHMbIe IJId HOPMHPOBKH NOMYYeHHbIX H3MepeHuii, Ha 
BxO TalimepHoro ycrpoiictsBa. 

TIpeoGpa30saTenb uMeeT Cllenyloume NapaMerpsl: HeHHeMHOCTb aMnnuTyqHoK 
xapaktepuctuku 0,4°%, HecraOWuIbHOCTh WIMpvHEI kKaHalia — meuee 0,4%, mpelib 
HyNA XapakTepucTHKH — MeHee 0,2 B, BpemMa mpeoGpa3z0BaHUA Ha KaHall COCTABJIAeT 
0,25 MKceK, WMarla30H BXOJHbIX MMMynbcoB 0,2—60 BonbT. 

IipeoGpa3ospaTenb coxpaHseT ClleKTpoMeTpHyeckve MapamMeTpbl pwd 3arpy3Ke Ha 
Bxoge BbIuIe 100000 umn/cexk (Ha ypoBHe, COOTBeTCTByIOIIeM HepBomy KauHaJly). 
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Alia pa6oTsi B pexkuMe aMIVIMTYAHOTO aHasM3a CHCTeMa MMEECT BbICOKOKaYeCTBEHHBIIt 
YCuINTeIb ¢ KOoppuLMeHTOM ycueHun K = 10000. 


4 


OcuumorpaMMbr HeKOTOpBIX CUeKTpoB, CHATHIC Ha UpHGope, MpHBeneHEI Ha puc. 9. 
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Puc. 9 


CnexTporpamMMbl, Mosly4eHHbIe Ha mpubope* 
a) cnextp Co npy 3arpy3Ke 1000 umn/cex; 
6) cnextp Co® npu 3arpy3Ke 50.000 umn/cex; 
B) cnektp Co® npu 3arpy3Ke 100.000 umn/cex; 
: T) cnextp Zn65 


* TIPHMEYAHHE: Ha cnextporpamme Co6? npx sarpy3Ke 1000 umn/cex aumunit doronuK 


Cc SHeprveh 662 KeB BbI3BaH 3arpa3HeHMeM AaTYMKa H30TONIOM Cs137 


3. TIPEOBPA3OBATEMIb MAJIBIX BPEMEHHBIX HHTepBaJioB, pa3spaOoTaHAblii MO pyKOBOL- 
crsom E. W. Pexnna, ucnonb3yeT npuHuun HoHnyca [5] [6]. Ochosnax u HOHMyCHasA 
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IWKaJIbI BDCMCHH 3aNaroTcA HBYMA reHepaTopamMn, KOTOppie 3anmyCKaroTCaA HMITYJIbCaMH, 
CHBHHYTbIMM BO BPeMeHH, OT ABYX DaTYMKOB. 

MoMeHT cosnaseHHa MMMyJIbCOB reHepaTOpoB BbigeAeTca GbICTpoit cxeMO’ coB- 
NaxeHUA, YACIO MMMYJIbCOB OHOFO 43 TeHepaTOPOB OT MOMeHTAa 3allycKa 10 MOMeHTa 
cpaOaTbIBaHHA CXeMBI CoBnayeHHit NpesctaBiaeT eMMHMYHBI KOT K3MepsxeMoro MHTep- 
Balla BpeMeHH, KOTOPbI MOCTyMaeT B perucTp agfpeca GsoKa ycrpolictBa perucTpaun. 

IIupwua kaHana Takoro aHanM3aTopa paBHa pa3HMue nepHonoB reHepaTopos. 

Buox-cxema mpeo6pa30Batena npuBenena Ha puc. 10. 


Puc. 10 
Bnok-cxeMa npeo6pa30BaTea MaJIbIX BPEMCHHBIX HHTepBalOB B LLU@poBow Kon 


BxogHble UMNysbCbI HO NOCTYMMNeHHA Ha BXO CX€M 3anycKa reHepaTOpoB Npoxogat 
uepe3 Kacka Jbl AMIVIMTYAHOK WM BpemeHHOL cesexuMH (AC1 u CC1). Bpemennoii untep- 
Ball GyneT W3MepATbCA JIMIWb B TOM ciyyae, ec OH MeHbUIe 256 Hcex. 

BxogHble k104n NepBoro KaHasla mpeoGpa3z0BaTena Ku, 4 Kx, HopMasbHo OTKPEITHI, 
W MMMYJIbC OT DaTunka, Ipods yepe3 HAX, 3allyckaeT OMHOBMOpaToOp O,, ANHTeNbHOCTE 
MMUyjIbca kOTOporO cocTaBiAeT 256 HCeK. DTOT MMMyNbC OTKpbIBAaeT KNIOW Koy, 
BTOpOroO KaHasla. C NOMOLIbIO OAKOBHOpaTOpoB O, u O, or6uparoTca MMMysIbCEI 
TOMbKO Tako aMMNMTyAbI, kKoTOpad OGecneyHBaeT HagexKHbI 3amyck reHepaTOpoB U 
MHHMMAaJIbHYIO BPEMeHHY!O JMCIIepcHio. 

Berxoguot wMnynbe Km04a Kn, 3anycKaeT Obictpbiii oHOBUOpaTOp O,, KoTOopbiit 
3aKpbipaeT BXOX 1-ro KaHalla nmpeo6pa3oBaTena Ha Bpema 2 mkcek. C Bbixona B, 
MMnylIbC Yepe3 ycusIMTelb Y, 3alyckaer renepatop I’). 

C sprxoga kmoya Kn, Broporo kaHajla Tak 2ke, Kak M B NepBOM KanaJle, curHa 
yepes Og 3akpbipaeT BXOZ BTOpOrO KaHasla (KOU KI3) HM 3aNycKaeT reHepatop r,. 

BeixoaHO WMMyJIbC MeJIeHHOM cxeMBI COBMayeHHA (C,) 4epes ofHOBHO6paTop Oy 
3anyckaeT Tpurrep Tp,, koTopbiii 3axppiBaeT Km10Y Kn, nepporo KaHana Ha BpeMaA 
KOMpOBaHuA HW perucTpalmn. 

VYimnynecei ¢ Bbixoga o60nx reHepaTopos yepe3 ycunutenn V4, Y, MocrynaroT na 
Bxoq ObicTpol cxembI coBnaqeHuit (C,), KoTOpasd BbIqenseT MOMeHT coBnanqeHHa 
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MMilysbcos. Uepe3 AucKpuMuHaTOp oTGopa cosnanennii JI, Tpurrep T, Bo3sBpamlaetca 
B MCXOHOe COCTOMHHe M 3aKpbiBaeT KI04 Ki, o6ppiBad Uyr MMMyIbcos, NOcTymarollMit 
B perucTp ampeca. 

Ecnm curuayl mpucyTcTByeT TONbKO Ha BxXOge HepBoro kaHasla mpeoOpa3zoBatTess, 
TO cpaG6aTpIBaeT cxeMa aHTHCcoBNayeHHii AC,, ofHOBuOpaTop O,, u 4epe3 KaTOAHbIi 
MlOBTopuTeb K, reHepaTop nepBoro KaHama OCTaHaBJIMBaeTcA. 

TIpeo6pa30Batesb uMeeT PHKCHPOBaHHOe MepTBOe BpPeMA, KOTOPOE oOMperzesaetca 
CYMMapHOit DJIMTeMbHOCTbIO MMIysIbCOB OnHOBKGpaTopoB O,, O,, Oo, BKIIOYCHHbIX 
nmocnegopatebHO. Vimnynbc onHosuOparopa O, ycTaHaBiMBaetT pervcrp aypeca 
B ,,0, OcTaHaBJIMBaeT TeHepaTOphI Yepe3 KAaTOAHbIe MOBTOpuTenH K, u K, c 3anepxKo 
B 1 Mkcek, ONpOKHIbIBaeT Tpurrep T,, KOTOpbIi OTKpbIBAaeT BXOA NepBOTO KaHasia. 

Onnosn6patop O, AaeT curHasl HaYasla perucrpallMu. OnxHosn6partop O, vcKmrOUaeT 
BIIMAHME KOHEXHOTO MepTBOrO BpeMeHH OAHOBHOpaTOpa O,, 3amupad BXOA TepBoro 
KaHasla Ha 3TO BpeMa. 

TIpeo6pa30BaTeb UMeeT cileqyroulMe HapaMerpel: HecTaOWIbHOCTh LIMPHHbI KaHasa 
npeoOpa30snatens 3a 8 yacos paG6orTHI MeHee 2%, pa3pelliaromlee Bpema ipeoOpa3zoBaTea 
B pexuMe caMocoBnaneHuit mp pa6oTe OT CUMHTHAIANMOHHOTO DaTYHKa He Gombe 
1 HceK. 

Pa3peulatoulee Bpema npH u3Mepenuu copnaneHHl Co — 4 xcex. 


JIubdepenumanbHad HeMHeHOCTL, NMosyueHHad MyTeM W3MepeHHA Cily4alHEIx 
HHTepBaJIOB OT ABYX CIIMHTHJIIAWHOHHBIX C¥eTYHKOB, MeHee 3%. 


4. Barxoaupie ycTpoiicTBa CHCTeMbI 


B xkayecTBe BBIXOHBIX yCTPOMCTB CHCTeMbI HCHOb3yeTca wNdponeyaTatolyee 
ycTpolicrBo — ocumsockon. 


1. Llw@PonmEYATAIOMIEE ycTPOlicTBO, paspa6oTaHHoe og pyKoBoycTsoM C. IT. Canosa, 
COCTOHT H43 LMdponeyaTaroulero MeXaHH3Ma M 3sIEKTPOMarHUTHOrO MpuBoga. 


Buox-cxema umdponeyararomlero ycrpoiictpa mpHBenena Ha puc. !1. 


Puc. 11 


Bnox-cxema wM@poneyatarowero ycrpolicrsa 


1 — wudponeyataroumi MexaHu3m; 2 — yCHIMTesIb MMIIYJIbCOB WocYeTa; 3 — oeKTPOHHEIii 
Hekanubii cueTuuk; 4 — 93eKTpOHHEI DpHBOD sIeKTPpOMarHATOB 


256-KAHAJIBHAA CHCTEMA PEIMCTPAUMM BH W3MEPEHHIt 235 


Ha pa6ouem sane HaxogHTcA wnMbposot Gapaban u muck c 10 oTsepcTusmn, 
HaHeCeHHBIMH Ha MONOBMHe Wicka. Mumo uud@posoro GapaGaHa mpoxowAT Kpacamaa 
u 6yMaxHaa neHTbI. 3a GymMaxHO neHTOH MpOoTHB KaxyOrO pa3paga uNdposoro 
6apa6aHa pacnosloxKeHbI MeyaTatoume MosoTOUKH. Llu@ppr Ha undposom Gapabane 
COBMaqaroT C OTBEPCTHAMH B Mcke nO yruy. 


3a nepsEri nonyoGopoT Bana B perucrp HaGupaeTca 4ucHO, KOTOpoe HeO6xoqnMO 
HaneyataTb. Ludposoii Gapaban, Bpanlaach, NOACTaBIAeT NepByro LWMpy Nod Weyataro- 
wu MONOTOYeK, OJHOBpeMeHHO c OTOSJIeMeHTa ocbimaeTca CihopMHpoOBaHHBIit 
MMOUyJIbC Ha BXOA kaxk 0 Dekaybi peructpa. Ec B OAHOM 43 Wekay GbINO ,,3almMcaHo 
YNCcIO 9, TO C IpHxOZOM NepBoro AMNylIbca WocyeTa 3Ta Wekaya Mepeiiyer B COCTOAHHe 
»0°, a c ee BbIXOZa Ha MpHBOX COOTBETCTBYIOMIErO 3IEKTPOMArHHTa MONOTOYUKAa 
TIOCTYNUT 3anyckaroulMh MMIyIbC. Drexrpomarnut cpa6otTaer u neyaTaronMii MonO- 
ToYeK OTHeyaTaeT WHdpy. Tak kak Ha uN@posom Gapabane uMbpsl pacnonoxenbl B 
o6paTHom nopauke (9, 8, 7, 6, 5, 4, 3, 2, 1, 0), Tro Ha GyMaxHOol nente GyneT oTNeYaTaHa 
undpa ,,9°. Takum xe 06pa30M MponcxoguT MeyaTb Yup B kaxKOM pa3psye ycma. 


Cuerauk HOMepa KaHasla OTCYHTHIBaeT OGOpOTHI Wudposoro GapaGana. Tloxa3anna 
cueTUHKa HOMepa KaHayla HaOuparoTcA B CHelMaIbHbIX eKaylax, paclONOKeHHBIX B 
MalUHHKe, M OTHeYaTEIBAIOTCA Ha GyMaxXHOii JIeHTe PAOM C YHCJIOM B DaHHOM Kanal. 


Ckopoctp BprBpoya uncen — 3 YnCNa B CeK. 


2. CHcTeMa MMeeT OCUMIUIOIPA® JIA BbIBOJa JAHHBIX B aHaOroBol dopmMe. Cxema 
OCcLMINIOFpada BKOUaAeT YCHIMTeIM TOPH3OHTAaIbHOH UM BepTUKaNbHOM pa3BepTKU HU 
mpa Onoknur-renepatopa mogcBera myya. CurHan TOpw30HTanbHO pa3BepTKu M0- 
cTynaeT 8 OCUMMIOrpap C BeCOBbIX CONPOTHBJIeHH TpurrepoB perucrTpa aypeca; 
MMNYJIBCKI, MpeACTaBIAOWMe aHanoroBylo MopMy 4HCa, MOCTyMaIOT C BeCOBBIX 
CONPOTHBNeHH TpurrepoB apudMeruyeckoro perucTpa. 


3AKJIFO YEHUE 


B gokslage ONMCaHbI WMUIb TUNOBEIe TiporpaMMbli pa6orpr CHCTCMBI VW IIPHMCHAeMBIC 
TIPH 3TOM THIMOBbIe BXOJHbIC YCTpOcTBa. 


KouCTpykKTHBHO clcTeMa pa3pa6oTaHa Tak, 4TO MO3BONseT H3MCHATS Kak BXOJHBIC 
ycTpolicrBa, Tak HM MporpaMMbI paGorTul. 


B nacrosimee Bpema paspaOaTbiBaeTca Cepia APyrHx BXOAHBIX ycTpOlicrB M NMporpaMM 
Wx pa6oTh Wid MpOBeyeHHA MHOTOMepHOrO aHasiv3a, MpOcTpaHCTBeHHO-BpeMeHHOrO 
aHajiu3a W3MepeHHit CO MHOrMMH aTYHKaMM Hi T.2. 


B 3akovenne aptoppi Gnarogapar I. A. Bapunxo, A. UW. Porymmua, E. MW. Pexuna, 
B. B. Engamesa, C. II. Canosa wu gpyrux coTpyHHKoB, NpHHHMaBIUMX y4acTHe B 
pa3pa6oTke OTeMbHBIX 6IOKOB CHCTEMBI. 
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Abstract — Résumé — Asnotaynva — Resumen 


A highly stable pulse-height discriminator. Direct-coupled trigger circuits require pulses of 
large amplitude when used for accurate pulse-height discrimination. Sensitive pulse-height 
discriminators using the incremental characteristics of diodes have been described in the literature. 
These use AC coupling round the feedback loop and suffer from the disadvantage of having the 
threshold dependent on input pulse shape. This paper describes a new trigger circuit using 
transistors and semiconductor diodes which can be used as a pulse-height discriminator of high 
accuracy for current pulses. This trigger circuit has the advantages of high sensitivity and inde- 
pendence of pulse shape over a wide range. 


Discriminateur d’amplitudes d’ultra-stable. Les circuits de déclenchement 4 couplage direct 
exigent des impulsions de grande amplitude lorsqu’ils sont utilisés pour opérer une discrimination 
précise des amplitudes d’impulsions. Des discriminateurs d’amplitude sensibles fondés sur les 
propriétés amplificatrices des diodes sont décrits dans plusieurs ouvrages. L’inconvénient de 
ces appareils, qui emploient un couplage autour de la boucle de réaction, est que le seuil dépend 
de la forme de l’impulsion a l’entrée. 

L’auteur décrit un nouveau circuit de déclenchement qui emploie des transistors et des diodes 
a semi-conducteurs et peut étre utilisé comme discriminateur d’amplitude d’impulsion de grande 
précision pour les impulsions de courant; il offre !’avantage d’étre a la fois particuli¢érement 
sensible et indépendant de la forme de l’impulsion sur une gamme trés étendue. 


YoatTpacraOwsbubiit =JHCKPHMHBaATOp aMILIMTYAbI HMMMyIbcos. Tip cnolb30BaHva 1a 
TOYHOM MMCKPHMVHAaWMU aMIVIMTYbI MMITYJIbCOB HeMOCpeXCTBeHHO BKJIIOYCHHBIe MYCKOBbIC 
KOHTypbI TpeOyroT HasM4va UMOYIbCOB c GombWOoK ammmMtTyyzou%. B TexHuyeckoi HTepatype 
6bLIM OMMCaHbl YYBCTBHTeIbHbIC DMCKPHMMHAaTOpbl aMIUJIMTYDbI MMMysIbCOB, B KOTOPBIX 
MCHONb3OBAIHCh MOCTeneHHO HapacTarollve XapakTepHCTHKH WMOR0B. OTM. DHCKPHMMHATOPHI 
pa6oTaroT Ha NepeMeHHOM Toke B WenmM oOpaTHO cBa3H HM MMeFOT TOT HeAOCTaTOK, 4TO HX 
Nopor 3aBHCHT OT POPMBbI BBOAHMOTO uMiTyAbca. B HacTosleM DoKsage ONMCbIBacTCA HOBBIi 
IIYCKOBOM KOHTYp C MCNONb3OBaHHEM TpaH3HCTOPOB HM NOJYNPOBOAHHKOBBIX ZHODOB, KOTOpHIi 
MOET CIYKHTL B KaYeCTBE BLICOKOTOYHOTO AMCKPHMMHaTOpa aMMJIMTYAbI OObIYHbIX AMITYJIBCOB 
WM KOTOpbIM, BMecTe c TeM, OOaaaeT MpeMMYUIECTBOM BbICOKOM YYBCTBUTEIbHOCTH KM He3aBHCH- 
MOCTM OT (POpMbI MMITYBCOB B HX WIMpOKOM MaMa30He. 


Discriminador de amplitudes de impulso de gran estabilidad. Cuando se emplean para la 
discriminacién precisa de amplitudes de impulso circuitos de disparo directamente acoplados, 
es necesario emplear impulsos de gran amplitud. En la bibliografia aparecen descripciones de 
discriminadores de amplitudes de impulso de gran sensibilidad que utilizan las caracteristicas 
no lineales de los diodos. Emplean acoplamientos en alterna en el circuito de realimentacién 
y tienen el inconveniente de que el umbral depende de la forma de los impulsos. La memoria 
describe un nuevo circuito de disparo con transistores y diodos semiconductores, que puede 
servir como discriminador de amplitudes de impulso de gran precisi6n, para impulsos de 
corriente, y tiene la ventaja de ser muy sensible y no depender de la forma de los impulsos, 
aunque ésta varie notablemente. 
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I. Introduction 


Circuits which trigger when the input signal reaches a well-defined threshold play 
a vital part in all counting experiments. Such a single circuit is used when it is necessary 
to exclude unwanted small pulses and one or more are used in single-channel or multi- 
channel pulse-analysers. Often the threshold stability of such a discriminator is the 
main limit to the energy resolution that can be obtained. Another factor that determines 
the overall stability is the amplifier gain that is usually required between the radiation 
detector and the discriminator. Maintaining a given gain stability in the amplifier is 
usually more difficult at high gains. Consequently a lowering of the discriminator 
threshold without any deterioration in its fractional stability will improve the overall 
stability. Owing to the circumstances varying from one type of detector or experiment 
to another it is also desirable for the threshold to be insensitive to changes in input 
pulse shape and ambiént conditions. 

Discriminators are either pc or ac-coupled. Some operate with a voltage pulse input 
and others with a current pulse. The well-known Schmitt trigger circuit is the basis of all 
pc-coupled discriminators which require a voltage pulse. A variant which will operate 
on current pulses will be considered later. Ac-coupled discriminators [1—4] use a 
capacitor or an inductance to provide a paralysis time after being triggered. In these 
discriminators the threshold will depend on the time for the input pulse to reach the 
peak when this time is not much shorter than the paralysis time. One discriminator [5] 
uses a pc-coupled trigger circuit to define the threshold coupled to another circuit 
which imposes a paralysis on the pc-coupled circuit after it is triggered. 

The presence of a backlash makes pc-coupled discriminators much less sensitive 
than ac-coupled discriminators. Voltage-operated pc-coupled discriminators using 
transistors require a low output impedance from the pulse source in order to maintain 
high accuracy. Owing to the finite current gain of transistors, current-operated 
discriminators also require a large input pulse in order to obtain high accuracy. The 
effect of temperature on the threshold is quite appreciable. The main virtue of pc-coupled 
discriminators is that they are completely independent of pulse shape except when the 
pulse duration is comparable to, or shorter than the natural switching time of the circuit. 
It will be assumed in the subsequent discussion that the switching time is much shorter 
than the input pulse duration. 

High sensitivity can be réadily obtained with ac-coupled trigger circuits. In most 
of these circuits one of the pair of amplifying elements is kept in the non-conducting 
state. Consequently the threshold is partially dependent on the pc characteristics of 
the elements. Those circuits which maintain both amplifying elements in conduction 
and rely on their incremental characteristics and those of a diode, can provide even 
sensitivity and are much less dependent on the pc characteristics. This last class of higher 
discriminator is particularly useful when high accuracy and sensitivity are required. 
The new discriminator belongs to this class and has the further advantage of the threshold 
being almost independent of the input pulse shape. However it suffers from the dis- 
advantage of most Ac-coupled discriminators in that it can be triggered a second time 
if the trailing edge of a pulse stays above the threshold after the paralysis time resulting 
from a previous triggering. 


II. pc-coupled circuits 


The use of thermionic valves will not be considered since these require large input 
voltages and do not offer any advantages over circuits using transistors. One form of 
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pc-coupled discriminator using transistors is shown’ in Fig. 1. The use of an avalanche 
diode Z as the coupling element between the collector of J, and the base of J, leads 
to many practical advantages and simplifies the discussion. If the positive supply 
voltage V, is around 5 V or greater it can be assumed that the currents J, and J, are 
constant when considering small input signals and with R, chosen to give a small 
backlash. R, represents the output impedance of the source of signal. 


+V; 


Rs 


Iz 


INPUT. AA, 


Fig. 1 
Simple Dc-coupled discriminator 


In a carefully designed discriminator of this type the backlash can be made as small 
as 100 mV with R, in the region of 50—100 Q. Thus the smallest signal that can be 
used will be 100 mV. Using two transistors of similar characteristics the relative base- 
emitter voltage drifts will be of around 0.5 mV/°C. Therefore the pulse amplitude 
at the threshold of 100 mV will have a stability better than 1°% only if the temperature 
is maintained constant to within about 2°C. 

Further problems are met when we consider some method of varying the bias. If 
AC coupling is used at the input to J, it is a relatively simple matter to connect J, base 
to a potential divider to provide a variable bias. However, if the pc resistance of this 
potential divider is high, the variation of the collector-base leakage current Igg in J, 
will produce a drift in the threshold. Since the leakage currents can be as high as 10 uA 
with germanium transistors, the source impedance should not exceed 100 2 in order 
to keep the threshold constant to 1 mV. The use of silicon transistors eliminates this 
difficulty altogether, but the low current-gain of most silicon transistors results in a 
large backlash if a high source-resistance is used. Consequently high sensitivity is again 
difficult to achieve. 

Another problem is the stability of the supply voltages. It is clear that the threshold 
varies directly with the voltage of the negative supply in Fig. 1. In discriminators using 
thermionic valves some compensation against such variations can be achieved by using 
compensating potential dividers to the grids of the two valves. Such compensation 
is more difficutt to achieve with transistors owing to the need of maintaining low 
impedance in the base circuits. 
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A modification of the normal pc-coupled trigger circuit which is suitable for operation 
with current pulses is shown in Fig. 2. The values of R, and R, are chosen so that, 
in the absence of signal or bias currents, a small forward current flows through the 
diode MR1 with the result that J, is cut off. The circuit will trigger on the application 
of a positive current pulse, the backlash being determined by R, and the common 
emitter current as before. It can be shown that the threshold is independent of base- 
emitter voltage changes. The threshold is still dependent on the leakage currents of J, 
and the diode. It is evident that additional bias can be applied quite easily without 
modifying the behaviour of the circuit. 


+Vy 


Ry Ra 


OUTPUT 


Fig. 2 
Current-operated Dc-coupled discriminator 


Ill. Principles of the new discriminator 


It has been shown that, in general, it is necessary to provide pulse currents of about 
1 mA or greater in order to achieve a stability of about 1% in the threshold of a pc- 
coupled discriminator. The Dc component at the input to such a discriminator affects 
the threshold and ac coupling to the input is not easy to achieve. The new discriminator 
eliminates the DC component at the input but high sensitivity is achieved for pulses 
of current. 


The principles of the new discriminator can be understood by reference to Fig. 3. 
The sum of the emitter currents of J, and J, is defined by the potential V;, and resistance R,. 
The diode MRI passes a fixed current J, in the steady state. The potential at the cathode 
of MR1 is kept at -V) by the high-gain pc amplifier which applies a suitable control 
voltage to the bottom of the resistor R,. Therefore the collector potential of J, is 
maintained at -V, + Vg volts where Vq is the potential drop across MR1 when passing 
current J,. The transistor clamp is normally closed so that the potential of the base - 
of J, is the same as that of the collector of J,. Assuming that the currents through J, 
and J, are approximately equal and therefore that the base-to-emitter voltages are 
nearly equal, the voltage across R, will be V, — Vg volts so that this defines the emitter 
current of J, and therefore that of J,. It is now clear that the currents enough all the 
components are well defined in the steady state. 


The circuit is a completely pc-coupled system, except for the effect of C,, so long 
as the transistor clamp acts as a short circuit. The reference voltage -V,, is fed into this 
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Fig. 3 
Basic circuit of new discriminator 


clamp in such a way that if the collector potential of J, is above -V) the clamp remains 
closed. As soon as the collector potential of J, falls below -V, the clamp becomes open 
circuited and the only effective coupling between the collector of J, and the base of 
J, is through C,. 


If C, is about 100 uF the time constant C,Ry, where Ry is the incremental resistance 
of MRI, will be a few milliseconds if the current J, is less than a few hundred pA. 
Thus the effective collector load of J, consists of Ra, R,, R; and BR, in parallel, where 
6 is the common-emitter current gain of J,, for times of around a few us. If J, is large 
enough Ry will be so small that the system, although it has positive feedback, will be 
stable in the steady state described above. If J, falls below a critical value I; determined 
by R, and to some extent by R,, R, and R.; + Rep, where R,, and R,, are the emitter 
AC resistances of J, and J, and to a lesser extent by 8, the circuit will trigger into the 
state in which J, is cut off and J, passes all the current through R,, dragging the emitter 
of J, to well below earth potential. Now the transistor clamp becomes an open circuit 
and the current through R; charges up C,. This process will permit the base and emitter 
potentials of J, to rise linearly until J, comes into conduction. Now the circuit will 
once again regenerate and the collector of J, will recover to its original potential being 
caught by MRI. At this point the base of J, will be driven more positively than its 
steady state owing to the voltage to which C, is charged. The transistor clamp also comes 
into conduction and quickly restores the voltage across C, to zero and the circuit soon 
settles down to its steady state. It should be noted that the transistor clamp remains 
in conduction until the triggering is complete. 


If J, > Jr the system can be triggered by a negative current pulse of amplitude 
approximately equal to J, — Fy. After a paralysis time determined by C, and the currents 
through R, and R, the circuit will be restored to its steady state. If a DC component 
exists in the input current the pc amplifier will compensate for this by adjusting the 
potential at the bottom end of R,. The potentials at the collector of J , and the cathode 
of MR1 will change only by a small fraction of the change at the bottom of R,. 
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_ IV. Theoretical analysis 


Let us consider the case where R, and R, are much larger than Rp and f is about 50. 
In practice Rp will be about 200 Q or less and R, and R; will be at least 2kQ. It will 
be seen that the effect of neglecting R, and R, does not alter the analysis to any 
appreciable extent. Similarly with 6 =~ 50 we can also neglect the shunting effect of 
the input impedance of J, on Rpo, the critical diode impedance. 


It can be shown that, subject to the above assumptions, the critical diode impedance is 
Rpo = R, + Rey + Rey (1) 


If we assume an ideal diode and ideal transistor emitter junctions the current voltage 
relationship is given by 


I= Aexp (=) [ew (=) — i] (2) 
0 0 


where A = a constant, 


® = diffusion potential, 
E = potential difference across diode, 
nak. 

e 


We now obtain the diode impedance R as 


Ey 
1+ 


— @D 
I, = Aexp a, - 
0 


E, and I, are functions of temperature. Let us study the effect of changing the temperature — 
in particular let us calculate the change in the current J necessary to maintain constant 
resistance R as the temperature is varied. We obtain from (3) 


1L® E 
él = ]1———°__ | —9 oT. 4 
: [: Ey (I+ )| RT 4 


(3) 


where 


Therefore the change of current necessary is zero at the point at which 
Iy® = Ej (I + Io). (5) 


Since © ~ 30 E, for germanium it is seen that the incremental resistance of the diode 
is insensitive to changes in temperature when J ~ 30 J). Thus it would appear that, 
if the circuit is designed so that the critical diode current is 150 »A when using a diode 
whose reverse saturation current is about 5 uA at room temperature, the critical current 
will not be very sensitive to small changes of temperature. 

When (I + 1)) Ey >> Ip ® we have 


E 
61 = — oT. (6) 
RT 


Suppose that the critical impedance required is 250 2. In the case of the ideal diode 
this will require a diode current of 100 uA. In this case the change of diode current 
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necessary to maintain constant diode resistance is 1/3 pA/°C. This condition will 
therefore apply when the reverse saturation current Ih X< 1uA, e.g. in the case of an 
average silicon diode at room temperature. 


Let us next consider the effect of temperature changes on R,, the emitter resistance 
of the transistors. From (3) we obtain 


dR Re © I, 
ran 1 7 
dT T [ Eyd+ 7) @ 
which can be approximated to 
dR, Re 
i ne 3 @) 


when E) (I + 1))>>@Iy. This condition will be true when the emitter current is 
approximately 5 mA even for germanium transistors at room temperature. Then the 
change in diode current 6/ necessary to maintain the critical condition of equation (1) 
in order to compensate for the change of transistor emitter resistances is 
2 Ey Re 

l= iar oT (9) 
assuming that the transistors pass equal currents. Again, substituting for R and R, 
the conditions for 100 zA of diode current and 5 mA of emitter current, we obtain 
51 = 1/75 uA/°C. Thus the effect of temperature on the emitter resistance and the 
resultant change in critical current in the diode is negligible compared to the effect 
of temperature on the diode itself. 


Let us suppose that the standing current in the diode is J. The critical current Jy 
through the diode at which the system will trigger will be given by 


E, 
= — I, 10 
T Rpo 0 ( ) 
where Rpo is given by equation (1). 


If the input pulse current 5/ necessary to trigger the circuit produces a decrease 5i, 
in the collector current of J, before the circuit triggers, we have 


8i+ 6, =I—f. (11) 


The change of voltage SE across the diode from the static condition is given by 


Since the emitter current-change 6i, is caused by this change of voltage at the base of 
J, we have 
E, I+], 
big = —2 In (——2 12 
= Re ( ea? (12) 


since Rpo = Ry + Re; -++ Rey. Therefore the pulse current-amplitude 67 necessary to 
trigger the circuit, from equations (11) and (12), is given by 
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E, 1+], 
si=1—1 oY} Oo). 13 
bate Pt an a) 


If we can neglect J, in relation to J and /y we obtain the approximation 


di = I—T_ (1 +inz), (14) 
Iy 


2 : I F 
Table I gives the values of 6 when /y = 125 uA for various values of —-, as compiled 
from (14). Tv 
It is seen that the amplitude of the current pulse necessary to trigger the system is 
considerably smaller than J— Jy. In the example given later the actual value of R, is 
only about 5 Rpo with the result that the above simplification gives a further noticeable 
error. 


TABLE I 


CURRENT PULSE AMPLITUDE 8i FOR TRIGGERING AS A FUNCTION OF STANDING 
CURRENT J WHEN CRITICAL CURRENT /r = 125 uA 


ae : 
Ihr 1 12 15 | 2 4 6 8 

I—M(wA) | 12.5 25 62.5 | 125 375 625 WS. 4 

| ee nee | 

3i (WA) 0.7 2.6 12 | 38.5 201 379 515 | 

| 


V. The complete discriminator 


The circuit of one form of the complete discriminator is shown in Fig. 4. Diode MR1 
provides the non-linear resistance and the current through it is fixed by resistor R,. 
The potential at the cathode of MRI is maintained at the appropriate value by means 
of the pc amplifier consisting of J; and J,. The reference potential for this amplifier 
is earth potential applied to the emitter of J,. Thus the base of J, and hence the cathode 
of MRI is maintained at about—1.1 V owing to the base-emitter voltage drops in J, 
and J,. 


The trigger circuit uses transistors J, and J,, and the transistor J, acts as the clamp 
whose base current is.defined by resistor R,,. Diodes MR2, MR3 and MR4 are normally 
non-conducting. MR2 catches the collector of J, at—5 V in order to prevent the collector 
voltage falling below the rated maximum during the triggered state. The diode MR4 
catches the base of J, as soon as the circuit triggers and keeps this clamp non-conducting 
as long as the circuit is in the triggered state. MR3 catches the base of J, at about earth 
potential when the circuit switches back to the normal state after being triggered. 
Therefore, during this transient condition, the base current of J, is much higher than 
that normally provided by R,, and the discharge of the timing capacitor C, by Jj, is 
very rapid. The base of J, does not rise much higher than its static potential during the 
recovery period. However, there is some excess current through MRI during the 
recovery period owing to the temporary increase in the collector current of Jj. This 
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Current pulse-amplitude discriminator 
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Fig. 5 
Recovery characteristic of discriminator 


20 


results in a change in the mean potential at the cathode of MR1 at high 
and consequently a small change in the threshold of the discriminator when counting 
losses with random pulses are much greater than 10%. The resistor R, prevents excessive 
emitter current in J, during the recovery period and ensures that the threshold of the 
discriminator returns to the normal value, at the end of the recovery period, in a smooth 
manner as shown in Fig. 5. This resistor is unnecessary when the discriminator is used 
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with such a standing current in MRI as to make the pulse threshold greater than say 
300 vA. 

The collector potential of J, is maintained at about—0.9 V in the static condition 
owing to the action of the pc amplifier. Therefore the collector current of J; is 5mA 
and so is the collector current of J,. Consequently the junction of R, and R, is at 
about—7 V. The base current of J, to maintain this condition is about 5uA. If there 
is a Dc component J at the input, the potential of the junction of R, and R; moves 
by an amount /R, as long as J is not greater than about 2 mA. There is only a small 
movement in J, collector potential which results in a small change in the division of 
the current between the emitters of J, and Js. 

The emitter resistances of J, and J, are each about 5Q. Hence with R,, = 1800 
the critical load on J collector for instability is 190 Q. It is to be noticed that R, in Fig. 4 
is only about 5 times this critical load. Hence the complete expression for the critical 


diode current, neglecting Jy, is 
1 1 
Iy = Ey (ax) (15) 


R, R 


where Ry is the total resistance in the J, to J, emitter circuit and R is the value of the 
collector load resistance (R, in Fig. 4). Taking 


Ry = 190Q and R = 1 kQ we have 
Tz = 107A. 


I 
Since J = 300 »A in the circuit of Fig. 4 we have en 2.8. Substituting these values 
for I and I> in equation (14) we have T 


Si = 83 pA. 


The measured value of 5/ is 81 uA which shows good agreement with theory. It is 
worth emphasizing that the relation given in equation (14) is valid even when the load 
resistance shunting the diode is not negligible as long as Jy is calculated from (15). 

Using the germanium diode VX3324 the change of pulse threshold, when the temperature 
of the complete circuit was raised from 25°C to 45°C, was about 1 uA. The reverse 
saturation current of this diode at 45°C is about 5 uA so that I, ® = Ey Uy + Ip) 
inside this temperature range. 

Using a silicon transistor whose J, < 1uA, the change of pulse threshold was more 
than 2 »A. These tend to confirm the analysis, in section IV, of the effect of temperature 
on the threshold although the strict analysis can only be carried out by using equation (9). 


VI. Using the transistor emitter as the non-linear element 


It has been shown [5] that the emitter of a transistor obeys the theoretical current- 
voltage relationship more closely than a diode, particularly in the region of currents 
from a few tens of »A up to a few mA. Advantage can be taken of this fact by replacing 
the diode with a transistor emitter. A further advantage can also be gained by arranging 
the Dc amplifier in a different form in order to-eliminate effects on the threshold which 
are dependent on mean input pulse rate. 

The circuit of the modified discriminator is shown in Fig. 6. The action of the circuit 
to the right of the dotted line is identical to that. when using a diode. The main differences 
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Fig. 6 
Current pulse-amplitude discriminator with transistor emitter as non-linear element 


are that the emitter resistance of J, acts as the non-linear element, the pc amplifier 
teceives the input from the junction of R, and R, and the reference voltage for the 
Dc amplifier is —5 V. Consequently the potential at the junction of R, and R, is stabilized 
at about—6.0 V so that the collector current of J 1 Will be approximately 300 uA. Assuming 
a large current gain in J, it can be assumed that this is also the emitter current of J, 
and is the value used in the above equations for the standing current of the diode. 
An additional load R, is included in the collector of J , So that, under static conditions, 
the collector potential of J, is about—0.5 V to—1 V. 


Until the system is triggered the circuit will behave in a manner similar to that of 
the circuit in Fig. 4 with the difference that the time constants in the pc feedback loop 
are modified considerably by the change of resistance between the emitter and collector 
of J,. This increases the time constant of the combination of C, and the effective resistance 
across it which allows a wider choice in the values of C, and C,. 


One major advantage of this system is that the diode resistance shunting the collector 
load of J, can now be calculated more precisely. The other main effect of this circuit 
is that, during the recovery after being triggered, the excess current through J4 now 
flows to J, emitter and, owing to the bottoming of the collector of J,, flows to earth. 
through J, base. The value of R, has been chosen so that the current flowing through 
it during the recovery period in excess of the standing current is not more than about 
50 uA. Therefore the mean level at the junction of R, and R, is not so dependent on 
the pulse rate as in the case of the circuit of Fig. 4. However this system is disadvantageous 
in that this compensation can only be achieved as long as the ratio R,/R, is slightly 
greater than 4 using the voltages shown in Fig. 6. Thus any system for changing the 
circuit threshold by varying the standing current in J, must be arranged to maintain 
this ratio approximately at the right value in order to achieve the minimum dependance 
of threshold on pulse rate. 
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DISCUSSION 


F. Udo (Netherlands): May I ask Mr. Kandiah whether the threshold of this dis- 
criminator is at all dependent on frequency, owing to the capacitor on the clamping 
transistor? 


K. Kandiah (United Kingdom): The clamping transistor overshoots slightly and since 
the base of the clamping transistor, during recovery, is held at a fixed potential, which 
is only slightly higher than its normal level, the discharge is very rapid indeed and the 
ratio of the recovery time to the normal paralysis time can be made extremely small. 
The threshold is frequency-dependent, but to so small an extent that at thresholds of the 
order of 100 uA with an apparent counting loss of 30%, there is a change of threshold 
of about 1°%. I also mentioned a temperature effect, but this too is very slight, less than 
1% for a 20° change of temperature. 


J. Lacour (France): To set the threshold of the discriminator you polarize the diode, 
using a current generator. The stability of the discriminator is thus linked to the stability 
of the current generator. Could you give us a few details on this and tell us whether it 
is possible to vary this current linearly, using a potentiometer ? 


K. Kandiah: If you look at the expression giving the threshold as a function of current, 
you will see that, if one restricts the range to the more sensitive conditions of the dis- 
criminator, one gets a purely logarithmic expression for the ratio of trigger current and 
standing current so that in that region it is possible to get a linear threshold change with 
a logarithmic potentiometer. 


E. Gatti (Italy): Is the velocity of your discriminator limited by the stored charge in 
the semiconductor diode providing the positive resistance? 


K. Kandiah: The diode we actually use in the discriminator is a specially fast germanium 
diode, which was in fact developed for circuits in the 5 to 10-ns region, so that the storage 
time of the diode should certainly not be much greater than about 10 ns. It is not the 
same as the usual very fast diode. This particular one has a reasonably good compromise 
bstween theoretically predictable forward characteristics and low-charge storage. 


D. A. Mack (United States of America): Mr. Kandiah, in Fig. 5 of your paper, you 
show the recovery characteristic of the discriminator. I wonder if you could say some- 
thing about how the threshold shifts as a function of repetition rate. 


K. Kandiah: Fig. 5 shows the recovery for a particular combination of C,-E,. I did 
not attempt to explain the significance of C;-R,, as it is a rather complicated circuit to 
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understand and it is not clear why there is a resistance there. It can be shown, however, 
that without the resistance in series with C, the charge storage in J, may lead, owing to 
the very big current that is switched on during recovery, to a threshold which, immediately 
after recovery, is lower than the normal threshold. By putting this resistor in, you can 
give the system a critically damped recovery. Now, this curve, as you say; shows the 
recovery after triggering. As a function of pulse-rate frequency as I said earlier, if one 
uses the circuit at a counting rate which gives a 30% counting loss, there is about a 1% 
change in threshold. There is no time-dependent effect other than the one shown in Fig. 5. _ 
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Abstract — Résumé — Annotanaa — Resumen 


A general-purpose pulse amplifier. In the paper proposals are made for using the technique, 
known from analogue computation, for transforming nuclear pulses to the shape and size desired 
by the means of “operational amplifiers”’. 

By using this technique it is possible, by means of one fundamental amplifier but with different 
feedback networks, to have pre-amplifiers and head-amplifiers with different pulse-handling 
performances and optimized with respect to the parameter of greatest interest, such as linearity, 
stability or overloading characteristics. 

As this technique involves the use of parallel-feedback it is specially suited for pre-amplifiers 
since most detectors are current-generators. 

An amplifier fulfilling the requirements necessary for use as an operational amplifier is described. 
The most important specifications are: 90 db gain from DC—10 kHz, then falling approximately 
20 db/decade until 15 MHz (30 db gain). Four tubes are used in the amplifier. 

For most pulse-handling applications a stabilized power-supply is unnecessary and the 
stability will depend solely on the stability of the feedback network used. 


Amplificateur d’impulsions universel. Le mémoire décrit les possibilités d’application d’une 
technique, fondée sur le calcul analogique, permettant, par l’introduction d’amplificateurs 
«fonctionnels», de donner aux impulsions nucléaires la forme et les dimensions requises. 

L’application de cette technique permet, au moyen d’un amplificateur de base, mais avec 
plusieurs circuits 4 contre-réaction, d’obtenir que les préamplificateurs et les amplificateurs de 
téte modifient différemment les impulsions et aient un rendement optimum pour le paramétre 
considéré comme présentant Je plus d’intérét: linéarité, stabilité ou caractéristique de surcharge. 

Cette technique, qui suppose le recours a des circuits de contre-réaction en paralléle, est tout 
particuliérement indiquée pour les préamplificateurs, la plupart des détecteurs étant des géné- 
rateurs de courant. 

L’auteur décrit ensuite un type d’amplificateur satisfaisant aux conditions requises pour 
remplir le réle d’amplificateur «fonctionnel». Les spécifications les plus importantes de cet 
appareil sont: gain de 90 dB a partir du courant continu jusqu’a 10 kHz, tombant ensuite 4 
environ 20 dB par décade jusqu’a 15 MHz (gain de 30 dB). L’amplificateur comporte quatre tubes. 

Dans la plupart des cas, il n’est pas besoin d’une source de courant stabilisée, la stabilité 
dépendant uniquement de celle du circuit de contre-réaction utilisé. 


Yaupepcasieubiii yCHIHTeIb HMMYABCOB. B qoKaye DearoTcaA MpesoxKeHuA O NPUMeHeHHM 
MeTONa, MCHONb3YeMOrO MPH AHAJIO“MGHBIX BbIYMCIICHHAX, AIA MpeppalleHuA sAepHBIX HMII- 
YJIbCOB B HMIYJIbChI %eaeMOrO BHa HW pa3sMepa MPH NMOMONIM ,,ofepallMOHHBIX YCHJIN- 
Tene‘. 

TlyTem Wchonb30BaHHA OFHOTO OCHOBHOTO YCHIIMTENA, HO C pa3sIMYHbIMM CXemamu OOpaTHOL 
CBA3H, IPHMeHeHve STOTO MeTOMa WaeT BO3MOXHOCTh NOsIyuaTb NpesBapuTesbHbIe YCHIIMTENH 
M OCHOBHBIC YCHJIMTeMH C HaWYYIMMH BO3MOXKHOCTAMM peoOpa30BaHHA UMIIYJIECOB 4 
B OTHOUICHHH MpeqcTaBiaiowux HakOonbumMi wHTepec NapaMeTpoB, TaKHX kak, HallpHMep, 
xapakTepMCTHKa JIMHeHMHOCTH, YCTOMYMBOCTH HM Meperpy3KH. 

Tak kak 3TOT MeToX TpeOyeT HCNONL30BaHHA NapalenbHO O6paTHO cBa3H, TO OH OCOGeHHO 
XOPOWO NOAXOAMT WIA MpeqBapHTebHBIX ycuIMTene, Tak Kak GOJIbIaA YaCTh DETeKTOPOB 
ABJIACTCA B TO Ke CaMOe BPeMA TeHepaTOpaMM TOKa. 

Onncpipaetca ycumuTenb, WelicTBYioWMii B KaYecTBe ONlepayMoHHoro ycusMTena. Hau6onee 
BaKHBIMA CHeWApuKAalWAMM ABIIAIOTCa: ycuneHue B 90 dB oT nocTosHHoro Toka — 10 «ru, 
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Hafaioulee 3aTeM UpH6nu3uTeNbHO No 20 dB-Ha yeKagy gO BocTMxeHUA 15 Mru (ycHneHHe B 
30 dB). C 3THM YcunHTeNeM UCHONb3YIOTCA YeTbIPe WaMUBbI. 

ina Gonpurmuctsa onepauui mpeobpa30BaHHA MMUYJIbCOB oTpeOHOcTh B CTaGHJIM3HpOBaH- 
HOM MCTOYHMKe 9eKTposHepruu oTNayaeT, a ycToWumBoctTh GyaeT 3aBHCeTbh HCKMIOYNTeIbHO 
OT YcTOMuMBOCTH MCNONb30BaHHOM cxembI OOpaTHOK cBA3M. 


Amplificador de impulsos para uso general. En esta memoria se propone la utilizacion, para 
transformar la forma y tamafio de impulsos nucleares segin se desee, de la técnica de los 
“amplificadores operacionales”’, conocida en los trabajos con calculadoras analdgicas. 

Este procedimiento permite, con un amplificador fundamental pero con diferentes circuitos 
de realimentacién, disponer de preamplificadores y de amplificadores de propiedades distintas 
y que presenten cualidades éptimas con respecto al parametro de mayor interés, por ejemplo, 
linealidad, estabilidad o sobresaturaci6n. 

Como este método requiere la utilizacién de circuitos paralelos de realimentacién, se presta 
especialmente para los preamplificadores, pues en su mayor parte los detectores son generadores 
de corriente. 

Se describe un amplificador que satisface las condiciones necesarias para servir de amplificador 
operacional. Las especificaciones principales son: Amplificacién de 90 db desde O hasta 10 kHz, 
que disminuye approximadamente 20 db por década hasta 15 MHz (amplificacion: 30 db). Enel 
amplificador se emplean cuatro valvulas. ; 

En la mayor parte de las operaciones de transformacién de impulsos no hace falta una fuente 
de energia estabilizada; la estabilidad del sistema dependera Unicamente de la del circuito de 
realimentaci6n. 


I. Introduction 


The function of an amplifier to be used in a nuclear pulse channel is to amplify and 
shape the pulse input signal so that a pulse-height distribution at the output gives a 
true picture of the pulse-height distribution at the input. 

Therefore, only linear operations on the signal may be tolerated, e.g. amplification, 
summation, differentiation, integration and time delay. 

In conventional linear amplifiers pulse-forming is obtained by means of differentiation 
and integration in Rc-networks or by means of delay lines. However, the characteristics 
of pulse-forming elements differ from one measuring problem to another and therefore 
a series of various linear amplifiers must be available to meet all the requirements in 
nuclear measuring work. 

A similar problem is known in another field, viz. the field of electronic analogue 
computation. In an analogue computer accurate mathematical operations on voltage 
signals are performed by negative feedback applied to a high-gain bc amplifier. In 
analogue-computer technique, however, a great variety of mathematical problems may 
be solved by using one type of amplifier and different feedback networks. 

The design of the amplifier discussed here is an attempt to find a corresponding 
standard amplifier for use in the linear-pulse technique. Similar to the computer amplifier 
it is based on the use of voltage parallel feedback and its specifications are such that 
different feedback impedances may be used. It may be used as a pre-amplifier as well as 
a main amplifier. 


II. HF operational amplifier 


The demands made on an operational amplifier are as follows: 


(1) High gain; 
(2) High input impedance; 
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(3) Low output impedance; 
(4) Phase lag of less than 90°; 
(5) Low noise voltage. 

These demands must relate to the frequency range within which the amplifier is 
to be used. 

Fig. 1 shows the diagram of an amplifier which adequately fulfils the requirements 
demanded by use within the linear pulse technique. 
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Fig. 1 
Diagram of HF operational amplifier 


The circuit itself is not remarkable and only the details important to the use of the 
amplifier as a HF operational unit, will be briefly described. 

The amplifier is pc-coupled in order to make it possible to have a high closed-loop 
gain at pc. By utilizing the whole pc gain for the closed-loop gain the working points 
of the tubes are held extremely constant, so much so that even with no feedback in 
the high-frequency range of the amplifier, the gain in this range will change less than 
1% by changing the supply voltages + 10°%. Therefore, it is often unnecessary to apply 
stabilized voltage supplies. 

_ By using pc coupling the problems of phase-shifts at low frequencies are eliminated. 
This would otherwise restrict the use of large time-constants in the feedback networks. 

A cascode amplifier is used at the input stage in order to secure large input impedance 
without the partition noise which would be present by using a pentode. The working 
point is chosen with a view to obtaining the maximum signal-to-noise ratio at integration 
and differentiation time-constants of about 1 ys. The noise is then equivalent to 400 ion- 
pairs [1]. 

As the output stage may be subject to various loads, a low output impedance is 
necessary. The phase lag in the output stage at different loads must not contribute 
essentially to the total phase-lag in the amplifier. Therefore, a White’s cathode-follower 
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is applied.. The resistor, in series with the output, secures matching for a co-axial cable, 
at the same time reducing the reaction of the load. 

By the use of different Rc networks in the various amplifying stages, these have such 
frequency-characteristics that the total amplitude and phase-characteristics are as 
those shown in Fig. 2. At the high frequencies in question, one must consider the 
transit times in the tubes as well as the phase lag because of the physical extent of the 
amplifier. At 20 MHz the transit time contributes about 20° and the amplifier length 
about 10° to the phase lag. This has been considered when selecting the time constants, 
by means of which the amplitude characteristic has obtained a roll-off of a little less 
than 20 db/decade at the high frequencies. 


Gain 


100 


50 


1OkH2z 100 kHz IMHz 1OMHz 100 MHz 


— + ——<_+— +} 
10 kHz 100 kHz 1MHz 10MHz 100 MHz 


Fig. 2 
Frequency response characteristic 


As will be seen the gain has only decreased to 30 db at 10 MHz, when the phase lag 
exceeds 90°. This compromise between the gain and the phase lag is chosen because 
a certain gain is nearly always wanted in pulse amplifiers, contrary to analogue circuits, 
where actual gain is usually of no interest. On the other hand, this means that the 
output cannot be directly connected with the input. There should always be an attenuation 
from the output to the input of at least 30 db. 


II. Application of the amplifier 


In Fig. 3 the amplifier is shown with a negative feedback. If the gain fulfils the 
condition shown, it means that the current in Zi may be ignored as the amplifier keeps 
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the voltage across Zi low. The current in Z2 will then be equivalent to the current in 
Zi and the characteristics of the circuit are simply calculated on basis of Z1 and Z2. 


El Z1 
Poe > E2 
For A >l+ 
Z2 


Z2 
219 Zi 


Fig. 3 
Block diagram of operational amplifier with feedback 


In the following some practical illustrations of the use of the amplifier are described. 
Up to this time only preliminary investigations have been carried out in the laboratory, 
but these indicate that the amplifier will be very satisfactory in use. 

As a pre-amplifier in connection with proportional-counters, the circuit shown in 
Fig. 4 is used. The advantage of this circuit is that the output voltage is independent 
of the input capacity and cable impedance between the detector and amplifier. The 
effective capacity parallel to the 100-MQ resistor is about 0.1 pF, giving an integration 
time-constant of 10 us. However, by means of the variable condenser shown, the gain 
may be adjusted, at the same time changing the time-constant. 


Detector 


~ 20pF 


Fig. 4 
Circuit of preamplifier in connection with proportional counters 


The maximum resistance allowed between output and input is 100 MQ, on account 
of the grid current in the input tube. At the same time the feedback capacity must not 
be too high in order to obtain a reasonable gain. If higher time constants than this 
are desired, the feedback resistor may be divided and the ac signal decoupled to ground. 
Time-constants in seconds may be obtained in this way, depending on the time-constant 
of the feedback condenser itself. 
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Fig. 5 shows a main-amplifier with differentiation and integration time-constants 
of 1 us. By means of the potentiometer the gain may be changed continuously from 
30 to 150. 


300 pF 33ko 
fe) 


Fig. § 
Circuit of main-amplifier with differentiation and integration time-constant of 7 us and 
continuously 30—150 gain change 


There are several other possibilities for selecting the feedback network. Most books 
dealing with servo- and analogue technique contain tables of networks with specifications 
of their characteristics [2] [3]. 

’ Delay lines in the feedback network may also be used to produce single or double- 
pulses from step-voltages. 

If security against overloading of the amplifier is desired, nonlinear elements should 
be used in the feedback in order to limit the signal. Fig. 6 shows such a circuit with 
a biased diode used as a nonlinear element. In the normal linear working range, with 
the diode blocked, the gain is about 1000. The gain is about one with the diode conductive 
above the clipping level. The clipping level is set by adjusting the variable potentiometer. 


Fig. 6 
Circuit of non-blocking amplifier using bias diode 
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The application of a biased diode in connection with the input-resistor instead of the 
diode shown, or a combination of both diodes, means that a smaller value of the gain 
above the clipping level may be obtained. 
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DISCUSSION 


K. Kiesel (Belgium): I want to ask Mr. Hansen if he can give some figures for the 
noise and the drift of his amplifier with short-circuited input. 


K. B. Hansen (Denmark): I cannot give any figure for the noise, but the amplifier is 
not usually used with short-circuited input. Of course, if one used a co-axial cable at the 
input, the shot-noise contribution to the noise would be very much bigger. My figure of 
400 ion-pairs was with the input consisting of only a very short lead to the detector, 
giving about 20 pF capacitance. I have not measured the drift of the amplifier, if you 
mean the pc drift. 


A. Blave (Belgium): I would like to ask Mr. Hansen what he thinks of the effect of 
variations in heating voltage on gain stability. 


K. B. Hansen: I am sorry I did not mention that directly. The stability figure I gave, 
1%, applies for a simultaneous -+ 10% charge of both heater and high tension supply. 


A. F. Arbel (Israel): I would like to ask Mr. Hansen two questions: first about the 
non-overloading arrangement. With the diode in Fig. 6 conducting, the attenuation due 
to the feedback network will be at most 6 db, assuming zero impedance of the signal 
source. How is it possible to obtain a monotonic response, or even no oscillations, at 
such a considerable loop gain? My second question relates to the use of delay lines in 
the feedback network to produce single or double pulses from step voltages. Considering 
the useful rise-time of this amplifier, I assume that what the speaker has in mind are 
delay times of about 1 us. Delay lines giving delays of this order of magnitude at reason- 
able physical length are high-impedance lines whose phase characteristic deteriorates 
considerably above, say, 10 to 20 MHz. The inclusion of such elements in the feedback 
network of any amplifier presents formidable problems. I would therefore like to ask the 
speaker how these difficulties have been overcome and whether he could give us any 
practical results obtained with such a circuit. 


K. B. Hansen: As I mentioned, to stabilize the closed-loop gain of the amplifier one 
needs an attenuation of 30 db from the output to the input; if there is an attenuation 
network at the output, and the feedback circuit to the input of the amplifier is taken 
from a point 30 times down at the attenuator, the amplifier will be stable. I have used this 
amplifier with a 1-us delay line, with good results. The advantage of placing the delay 
line in the input part of the feedback network is that we could then use an open-circuit 
delay line, thereby avoiding troubles with attenuation caused by the resistance of the 
delay line. I have had no trouble at all using delay lines with this amplifier. Of course, 
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using complicated networks it may be necessary to stabilize the closed-loop gain by 
using a small integrating capacitor for example. 


A. F. Arbel: When I referred to the overload arrangement, I was thinking of the diode, 
_which at a certain pulse-rate input actually short-circuits the 30-db attenuation about 
which you were speaking in the feedback network. So under overload conditions, as 
shown in Fig. 6, the arrangement will not be 30-db attenuation but only 6 db. That is 
why I was worried about the stability of the amplifier—not at linear operation but at 
overload operation, which means at the time when this diode is short-circuited. Could 
I please have an explanation of this point? 


K. B. Hansen: I am sorry, I forgot to answer the last question. In the Figure shown, 
there is an attenuator placed in the output. Perhaps you could not see the values of the 
attenuation, but there is attenuation of 30 times, down to the point where the diode is 
connected back to the input. When this diode is closed, the input of the amplifier will 
be connected to the point of the attenuater lying 30 db down from the output, and there 
is complete stability. 


A. F. Arbel: I fear I cannot agree, because with an attenuation network in the output 
you would not get your amplification of one, which gives you the overload charac- 
teristic. In addition, the 100-Q resistance you show is actually parallel to the diode 
because the input of the amplifier is a virtual groundpoint. I would like to take up this 
point in private discussion. 


YCTPOMCTBO JIA V3MEPEHMA JIMHEMHOCTH 
JOJITOBPEMEHHOM YCTOMYMBOCTU YCHJIEHUA 
MMITYJIBCHbIX YCWJIATEJIEN 


A. Buexa 
VWucratyt sEPHbIX MCCIEDOBAHM UEXOCNOBANKOM AKAZEMHU HAYK, PoxKExK 
UEXOCHOBAUKAA CoUMAIIMCTHYECKAA PECIYBJINKA 


Abstract — Résumé — Annotauua — Resumen 


Equipment for measuring the linearity and long-term stability of pulse amplifier gain. A simplified 
version of the method proposed and described in the article “Sensitive Measurement of Pulse- 
Amplifier Gain”, [1], has been used for measuring the linearity and stability of pulse-amplifier 
gain to an accuracy greater than + 0.02%. 

The simplification made in our Institute was based on the use of a single relay switch and a 
common comparator-channel without the two-pulse volt-meters. The relay, operating with a 
0.5 to 1-s period, sends the output pulses from the test amplifier and the calibrated pulses from 
the pulse-generator to the comparator—consisting of a discriminator, an expander amplifier 
and an indicator. The pulse-repetition frequency can be 1000 cycles per second or more. In this 
simplified method, the comparison is not between single pulses but between groups of these 
pulses corresponding to intervals of 0.5—1 s. As indicated at the output of the comparator, a 
pulse-recording voltmeter or a synchronoscope may be used. 


Dispositif permettant de mesurer la linéarité et la stabilité 4 long terme du gain d’un amplificateur 
dimpulsions. Pour mesurer, avec une marge d’erreur inférieure A+ 0,02°%, la linéarité et la 
stabilité du gain des amplificateurs d’impulsions, les auteurs ont utilisé la méthode de mesure 
simplifiée exposée par Mc Collom, de Boisblanc et Thompson [1]. La simplification réalisée a 
l'Institut de recherches nucléaires de I’Académie des sciences de Tchécoslovaquie est basée sur 
Putilisation d’un seul relais commutateur, d’un canal relatif-absolu et de deux voltmétres a 
impulsions. Grace 4 ce relais, les impulsions sortant de l’amplificateur considéré et les impulsions 
étalonnées provenant du générateur d’impulsions peuvent étre associées, avec une période de 
0,5 4 1s, dans le comparateur, composé d’un discriminateur, d’un amplificateur et d’un appareil 
de lecture. La fréquence de répétition des impulsions peut étre égale ou supérieure A 1 kHz. 
Cette méthode simplifiée permet de comparer non pas des impulsions isolées mais des groupes 
d’impulsions d’une durée de 0,5 4 1 s. Comme appareil de lecture, on peut utiliser, 4 la sortie du 
comparateur, un voltmétre enregistreur d’impulsions ou un synchronoscope. 


YerpoiicTso 4.19 H3MepeHHA JIHHeHHOCTH H 1OTOBpeMeHHOM YCTOM4YMBOCTH YCHJICHHA HMITYJIbCHEIX 
ycumrTeneii, Jia H3MepeHuA JHMHeEMHOCTH HM YCTOMYMBOCTH YCHICHHA HMIYIIBCHBIX YCHIMTeNet 
¢ TOUHOcTBIO yume + 0,02 % 6b] HCNONL30BaH YIIPOMeHHEI H3MeHeEHHEI MeTOR, KOTOpbIit 
Obi npewox%KeH MH OnMCaH B paGote, K. A. McCollom, D. R. de Boisblanc, J. B. Thompson [I]; 
ynpoulenve, koTopoe Opuio coenaHO B HalieM MHcTuTyTe OCHOBBIBacTCa Ha MCHONb30BaHUH 
€QHHCTBEHHOrO NepekmiouaTesIbHOrO pene H OGWero OTHOCHTENbHOTO KaHasla 3a UCKIKOUCHHEM 
MCIOJb30BaHHA ABYX UMITYJIbCHBIX BOJIbTMeTPOB. Pene npucoenMHAeT Cc nepvoxzOM 0,5—1 cex. 
K KOMMapaTopy, COCTaBJICHHOMY M3 JHCKPHMMHaTOpa, 3KCNOHEHUMANBHOTO YCHIMTenaA un 
MHAMKaTOpa, BbIXODHBIC HMIIYJIbChI H3 H3MEPACMOFO YCHJINTeIIA, HM 3ITANOHHBIC HMIIYIIbChI 43 
HMITYJIBCHOrO reHepaTopa. UacroTa NoBTOpeHHA HMMYIbCOB MOXKeT paBHATBCA | Kr HIM 
BbIWIe. ITHM YIIPOWCHHBIM MeCTOJOM cpaBHHBaloTCA HE OJMHOYHBIC MMIMYNBCHI, a TpyIMeEl 
9THX MMUYIbCOB WIMHOK 0,5—1 cex. B kayecTBe HHOMKaTOpa Ha BbIXOe KOMMapaTopa MoxeT 
MCNOJIb3OBaATBCA MMITYJIbCHbIM NMWy HK BOJIBTMeCTPp WJM CHHXPOHOCKON, 


Dispositivo para medir la “‘linealidad’’ y la estabilidad a largo plazo de la amplificacién en los 
amplificadores de impulsos. Se aplica el método simplificado de medicién propuesto por K. A. 
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McCollom, D. R. de Boisblanc y J. B. Thompson [1], a la medicion de la “tinealidad’’ y la esta- 
bilidad de la amplificacion en los amplificadores de impulsos, con una exactitud superior a —- 
0,02 por ciento. 

La simplificacién efectuada en este Instituto se basa en la utilizacién de un solo relé de 
conmutacién y de un canal relativo comun, sin recurrir al uso de dos voltimetros de impulsos. El relé 
comunica,conun periodo de0,5 s, alcomparador, compuesto deun discriminador, un amplificador 
de expansién y un indicador, los impulsos de salida del amplificador de medida y los impulsos- 
patron enviados por un generador de impulsos. La frecuencia de repeticion de los impulsos 
puede ser igual o mayor que 1 kHz. Con este método simplificado no se comparan impulsos 
unicos, sino grupos de impulsos de una longitud de 0,5 a 1 segundo. Como indicador, a la 
salida del comparador, puede usarse un voltimetro registrador de impulsos o un sincroscopio. 


TIpumMenenve MMNyJIbCHBIX yCusINTeseH B pagqvoNOKallMy, TesleBuaeHHN, B MMIyJIbCHOK 
TexHuKe H3MepeHuii U, OCOGeHHO B Gorlee CIO*KHOM M3MeEPUTeNbHOL almlaparype, ACHOb- 
3yeMoii B aqepHOl tbu3HKe, MMeeT UesIbio pa3sBuTHe alnmapaTos GOoviee cOBepLIIeCHHbIx 
B OTHOWMeHHUH sHHeEMHOCTH HM ycTOMuMBocTM ux ycueHua. JIA MiOroKaHasIbHBIx 
aHasIM3aTOPOB, 3KCMAaH3HbIX yCuIMTeNel u T.0. TpeGyeTca TMHeEHHOCTh H yCTOMYMBOCTh 
ycnneHua ycunutea naxe nyamaa 0,1%. CQIuxeiinocth ompezensactca oOpiMHbIM 
cmoco60M, Kak MaKCHMaJIbHoe OTKMOHeHHe OT HHeMHOM 3aBHCHMOCTH MexKDY aMILin- 
TyHOM BXOZHOrO MH BBIXOMHOrTO MMMYyAbCa yCHMHTesA, BbIPAKeHHAA B MpOeHTaXx.) 
Tipu 9kcnepuMeHnTasibHolt MpoBepke PyHKUMA UMMYJIbCHOrO YCHJIMTeIIA, COOTBETCTBYIO- 
wero TaKHM CTPOrHM TpeGoBaHUAM, pelcTaplaeT 3aTpyNHeHWe W3McpsATb O4CHb 
MaJible OTKJIOHCHHA YCHIICHHA, KaK 10 IpHuMHe HeMHeMHOCTH, TaK MU HeycTOHYMBOCTU 
annapatyppi. Hao 0pHHaATb BO BHUMaHHe, 4TO WIA W3MepeHHA OTKIOHCHHH NOpAAKa 
0,1°% HeoGxoauMo IPHMeHATb MeTOA, W3MepeHHA C YYBCTBUTeJIbHOCTbIO HM yCTOMH- 
BOCTbIO Ha HOpaAyOK Myuuleii, T.e. 0,01°%, aroOzl TOYHOCTL H3MepeHNs MpedcraBlala 
co6oi xota 6nr 10%. Jina arux cilyyaep He yHOBJIETBOpAIOT y2xKe HOPMabHO Mpu- 
MeHSCMBIC METOALI W3MePeHHA AMIIMTYAbI BLIXODHOTO MMIyiibca yCuIINTesIA HU HEOOXo- 
MMO HckaTb apyrve Gosee UyBCTBUTEJIbHBIe MeTOAbI H3MepeHusa. B mureparype [1] Ou 
ONyOJIMKOBaH NOAXOAAILIMM MeTOL, BHOJIHE yHOBIeTBOPAIOMIM TpeGoBaHHaM W3MepeHHa 
JimHelHOcTH MW CcTaGHJIbHOCTH yCWJIeHHA MMMyJIbCHbIX ycuuTenei c npaBezeHHol 
TOYHOCTHIO H, CBepx TOTO, NOAXO TaN Np NpuMeHeHHA DpH CTaOMMBalli HX yCHJICHHA. 
OTOT MeTOX, OCHOBaHHbIM Ha NpHHMNe KOMMeHCalMOHHOTO UM3MepcHHA, MBI MpH- 
MeHAIM B yipomweHHOw dopme B alilapate Id u3MepeHHaA TMHeiiHOCTH, yHKWMA 
xoroporo 6yzeT O6bACHeHa Ha OCHOBaHMM GOKOBO cxeMbI NpHBeneHHOM Ha puc. 1. 
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Puc. | 
Brox-cxema apuGopa Ana W3MepeHHA SMHeEMHOCTH AMNYSIBCHEIX yensinTesel 


OCHOBHbIMH YacTAMM BKJIFOYCHHA ABJIAYOTCA: MMIMYJIbCHbIM TeHepatop, KOMIIeHCa- 
WHOHHEIN DeNMTelb DAJIf KOMMNeCHCaUMAM YCHJICHHA H3MepACMOrO YCHJINTesIA WU CpaBHH- 
Baroillad Welb DJIA CpaBHeHHA AMIVIMTY Obi BbIXOJHOrO MMITysJIbCa reHepaTOpa C BbIXOAHbIM 
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HMUYJIbCOM YCHIIMTeIIA, WIA OUCHKH MX pasHHUbl. /[ia uyeabHO MHeMHOTO yCuNMTEeIIA 
Ip KOMMeHCaHH ero ycueHHsA HEOOXOZUMO, YTOOBI BeTBb YCHIMTeA HMela YCHNCHHE 
A= 1, 10 BcemMy ZHHaMMYeCKOMy Mana30Hy ycuuIMTeNIA aMMINTyObI O6eHX HMIYIbCOB 
nonaqarowmmx B CPaBHABaIOMy!o Wenb Gbuim Ob OMHHaKOBbI. B cnyyae HemMHeHHOrO 
YCUIMTeA CpaBHUBAaIOMad Web yka3bIBaeT MpAMO B MB OTKMOHEHHA OT JIMHeHOTO 
YCHJICHHA, OTHOCHTeENbHO TOYKM HYeBOTO OTKIOHEHMA, KOTOPOMy TO onpeseeHHIo 
JIMHeMHOCTH OTBeYaeT MAKCHMAaJIBHO npeoOpaxkeHHad AMIVIMTY Ta BbIXOTHbIX MMIlyJIbCOB 
ycunmtena. B sTOH TOYKe OCYLeCcTBIAeTCA KOMIICHCalMA yCWIeHHA yCHIMTeNA. 


BBuy 3HaxMTeEAbHOM TOUHOCTH H3MepenHA MpeAbABIAIOTCA MOBOJIBHO CTporHMe Tpe6o- 
BaHHA OTHOCHTENIbHO alliapaTa, IPHMeHEHHOrO B H3MepuTebHO armapatrype. Jonros- 
PeMeHHad CTaOHIbHOCTh BXOAHbIX UMNYyIbCOB M3 TeHepaTopa pw M3MepeHHM JIMHeli- 
HOCTH FOcTaTOUHA, ecm Ona GynerT 0,5 %, 2114 HONTOBPeMeHHBIX H3MepeHui PH KOHTpoIe 
cTaOWIbHOCTH ycHleHua ycusIMTela HeOOxOZMMO, 4TOOBI CTaOWJIbHOCTh MMITyJIbCOB 
6pima 0,1°%. Hecra6ustbyHocth aMMnintyibl He BAMAeCT Ha TOYHOCTh W3MepeHHA, NOKa 
OHa He BBIXONHT w3 paMOK JIMHeMHOrO Quala30Ha cpaBHUBalOlet enw, HO OHa 
ABIAeTCA IpW4MHOW COBura OMOPHOTO ypoOBHA pw oOlleHke pesewa amMmMTyOHl, 
4TO He ABIIACTCA %KeNaTeMbHbIM IPH aBTOMATHYecKkOH perucTpallH AONrOBpeMeHHOK 
ycTowumpoctw ycuylenua ycuutena. AMMJIMTyObI MMMyIbcoB Hagqo BbIOupaTb 10 
UMHAMHMYeCKOMY AHana30Hy yCusIMTeNA, T. €. Yale Bcero B Wuana3zoHe OT 100—200 B, 
peryupyeMoM oT HyJIn c TOUHOCTEIO 1%. JimMHbI MMUYsIBCOB HM WX MOBTOPACMyrO 
4YacTOTY MOXKHO B JOCTaTOYHO WHPOKOM Auana30He mpucnocoOurh K xapaKTepy 
ycwIuTesIA. 


KomnexcauHOHHblit JeMTeIb TOMKeH GbITh peanH3upoOBaH H3 YCTOMYMBbIX COMPOTHB- 
JleHHit. OCHOBHYIO 4aCTb M3MepuTesbHOrO OOopyD0BaHHA (STO anMapatypbi) COCTaBIaAeT 
CpaBHuBaroMlad Wen C TyBCTBHTeNbHOCTHIO 0,1 % un 0,01 8B. Tloppnnenue 4yBcTBUTEesIb- 
HOCTH OTHOCHTeIbHO MaJIbIX H3MeHeHHM aMIIMTyObI uMnyibca Onylo WOCTHrHyTO 
aJLMCKpHMMHalivelii M yCHJIeHHeM TOJIBKO BepXHeli YaCTH HMNyJibca, Tak YTO coOcTBeHHO 
YCHNMBaFOTCA M OTMeYAIOTCA TOJIbKO H3MeHeHHA aMIIMTyZbI. TlepemeHHoe nepeKiiioc- 
yeHue BXOMa reHepaTopa H BbIXOa yCHJIMTeIA B CpaBHMBaIOWy!O Lelb C MepHoOM 
upHOn. 1—2 cek. oopMsieHO c HOMOLIbIO NONAPH30BaHHOTO pesle MM Apyroro pesie 
© MaJjlOli EMKOCTbIO MepeKMIOYAIOWIMX KOHTAKTOB, BKJIIOYCHHOTO B Uellb aHOWa MyJIbTH- 
BuOpatTopa. JiucKpuMuHaTOp COCTaBJIAeT YyCHJIMTeIb C KaTOZHOM 3aBHCHMOCTbIO C 
ycujienvem A=10, DHCKpHMMHalMOHHEIM ypOBeHb peryIMpyeTca CMelleHHeM MepBoli 
3IeKTPOHHOK NamMnst. YCTOHYMBOCTh ZHCKPHMHHaWMOHHOTO YPOBHA BIIWACT TOKO Ha 
CABUr ONOpHOrO ypoBHA HHAUKaTOpHOrO ycTpOlicTBa, HO He Ha TOYHOCTS H3MepeHHA. 


Ha TouHOcTh H3MepeHHA BIIMAeT KaK JIMHeMHOCTh, TaK HM YCTOMYMBOCTL yCHJIeHHA 
MCKPHMHHaTOpa, yCuJIMTeA MH MHOWKaTOpHOrO ycrolicTBa. B KayecTBe MHAMKaTOpa 
TipH W3MepeHHM WHHeitHOcTH Gb B HallieM cilyyae DPHMeHeH CMHHXPOCKON C IpAMbIM 
BbIMeTOM HesMHeHHOcCTH B MB. JIA JONrOBpeMeHHbIX v3MepeHHit cTaOvJIbHOCTH 
aBiisetca Gomee BEITOAHKIM C TOYKM 3PeHHA OWeHKH MpHMeHeHve MMMyJIbCHOrO 
BONbTMeTpa c peructpauMei. TIpwunHot yupomenHoro cocTaBneHus NpaBexeHHOrO 
MeTOa W3MePeHHA ABMAIaCh HEOOXODMMOCTS CKOPOTO H3MepeHHA JIMHEHHOCTH TOYHOTO 
9KcHaH3MOHHOrO ycumutema. U3 sToro BbiTeKaloT OMHAKO KaK MpewMylilecTBa, Tak 
wu MeHee Tpe6yempIe cBOiicTBa M3MepuTesbHOTO ycTpolictBa. [IpeumMyliecTBO B TOM, 
YTO C HCKMIOYEHHEM KOMMeHCALIMOHHOLO AeMTEIIA, IpOcToro peneHHOro MepeKOYaTeIIA 
M OMCKpHMuHaTopa, 6510 BO3MO%KHO MIpHMeHHTb TOTOBbIe CTaHAapTHble almaparsi: 
jla6opaTOpHBbiii renepaTop UMMyJIbcoB, JIMHeHHbIM ycunutTenb c ycusenHem 60 06 4 
CHHXpockon. 
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B kayecTBe nepexmoyatena Beugy Toro, yro 6EuIM cpaBHeHbt TPYNNbi WMEHyJIbCOB 
amHHOK 1—2 cex., He ABIANOCb HeEOOXORHMBIM MpuMeHATb Kakoe-uH6yab ocoGoe 
pene. Ovenka OTKIOHEHHH JMHeHOCTH CHHXpOCKOTIOM HIM MMMysIbCHEIM BOJIBTMETPOM 
O¥CHb WIpocta, He TpeOyeT MPHMeHeHHA NanbHeimero cheyManbHOTO MepeKOUaroMlero 
pene, Heo6xoquMoro Ipu DMepeHuMaNbHOM W3MepeHHA Openenos AaMMOHTyQ WMItyJIb- 
CoB, KaK NipuBeyeHo B AuTepatype [1]. HegocrarKoM sBJiseTca TO, 4YTO 2TO yIpoMeHue 
AOMKHO SEIT, HABepcTaHO XOTA 6bI 10 ONpeneneHHO cTeneHH MyuMIeli ycTOMMMBOCTEIO 
AaMILIMTyHbI MMMyiIbca M3 reHepaTopa, yTOObI H3MepeHve He HapylasOch w3IIMIIKHHM 
CHBHTOM ONOpHOrO ypoBHa. Ha TO¥HOCTh M3MepeHusA, KaK yxKe ObIIO yKa3aHO, He 
HMEeT, B CYIIHOCTH, BIMAHUA yCTOMUMBOCTA réHepaTopa TMCKPpUMMHalMOHHOTO YPOBHa. 
PesybTaTbI w3MepeHHaA ToKazayu, 4TO axe C MOMOLIIO MMMPOBH3HpOBaHHOro 
o6opyqoBanua (ycTpolicrpa) MOxKHO JOCTH4 HazexKHOrO M3MepeHHsA JIMHeMHOCTH C 
TouHocTHYo 0,02 %. ; 


AMTEPATYPA 


1] McCOLLOM, K.A., de BOISBLANC, D.R. and THOMPSON, J. B., “Sensitive 
Measurement of Pulse Amplifier Gain”, Nucleonics (1958) 74—78. 
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Abstract — Résumé — AnHoTaimta — Resumen 


A new linear method of discrimination between elementary particles in scintillation counters. 
The general problem of different shape-signal discrimination by means of linear networks is 
illustrated and a theory is developed to synthetize an “optimum” linear filter in order to dis- 
criminate between different specific ionizing power, low energy and elementary particles detected 
by a scintillation counter. 

An electronic circuit embodying such an “optimum” linear filter design is illustrated and 
‘experimental results of discrimination between Po210 rays and Csl37 rays (Compton electrons), 
detected by an anthracene scintillation counter, are shown. 

The experimental resolution power (minimum energy of discrimination) is compared to that 
theoretically evaluated for the “optimum” filter (10 keV for electrons). 


Nouvelle méthode linéaire de discrimination entre particules élémentaires dans des compteurs 4 
scintillation. Les auteurs analysent le probléme général de la discrimination de signaux de forme 
différente au moyen de réseaux linéaires et exposent le principe d’un filtre a linéaire «optimum» 
permettant d’établir une discrimination entre des particules élémentaires de faible énergie et d’ionisa- 
tion spécifique différente détectées au moyen d’un compteur a scintillation. 

Ils décrivent ensuite un circuit électronique comportant un tel filtre et présentent les résultats 
expérimentaux d’une discrimination entre les rayons du 210Po et ceux du 137Cs (électrons de 
Compton) détectés au moyen d’un compteur 4 scintillation a anthracéne. 

Enfin, ils comparent le pouvoir de résolution obtenu expérimentalement (énergie minimum de 
discrimination) a celui qui avait été évalué au moyen de calculs théoriques pour ce filtre (10 keV 
pour les électrons). 


Hospi suueiimeii Mero JMCKPHMHHayHH 9neMeHTapHbIx YaCTHL B  CUMATHAISNHORHEIX 
cyeruukax. Wsumocrpupyerca o6mas npoGmemMa JMCKpMMMAAaMN CHTHaNOB pasM4Holt Popmer 
UpH NOMOnIM JIMHeHHBIx On0K-cxeM HM pa3paGaTBIBaeTCH TeOpHaA CHHTe3a ,,ONTHMaNbHOro‘' 
TMHeHHOrO MuNbTpa DIA MHCKPHMMHALMM 3eMeHTapHBIX yacTuy Masoi SHEprHu Cc pa3zIM4HOK 
YOCIbHOK HOHH3MPYIOWIeH cnocoGHOCTbIO, DeTeKTMPYeMBIX CLMHTVIUIAUMOHHEIM CueTYHKOM. 

Flaerca mpaMep seKTponHolt cxeMnI, BKOUAFOLIeH KOHCTPYKUMIO TakOro ,,ONTHMaJIbHOro’. 
JMHeEHHOTO PuNbTpa WM NPHBOAATCA SKCNEPUMEHTANbHbIe pe3ysIbTaTbI OMCKpuMMHalM MexK Ty 
u3iyueHHaMH Po210 yw Cs137 (KomnTonoscKue 3y1eKTpOHbI) HpH NomMouM aHTpalleHoBoro 
CUHHTMIWIAWHOHHOrO cyeTuHKa. ; 

TlonyyenHaat 9KcnepMMeHTaIbHO pa3pemalomiad cnocoGHocTh (MMHuMasbHan aHeprua 
AMCKPUMMHAIMH) COMOcTaBAAeTcA C pa3pellatouelt cnocoGHocTHIO AVIA ,,OmTHMasbHoro“ 
dunptpa (ana onexrponon B 10 x98), BEIBeneHHO TeopeTHueckuM IIyTeM. 


Nuevo método lineal de discriminaci6n entre particulas elementales en contadores de centelleo. 
La memoria plantea el problema general de la discriminacién entre sefiales de formas distintas 
por medio de circuitos lineales, y desarrolla una teoria para deducir un filtro lineal “éptimo” 
que sirva para discriminar entre particulas elementales, de bajo nivel de energia y poderes de 
ionizacién especifica diferentes, detectadas con un contador de centelleo. 

Describe un circuito electrénico que incluye un filtro lineal “Optimo”’ y da los resultados 
experimentales logrados en la discriminacién entre las radiaciones del 210Po y el 137Cs (electrones 
de Compton) detectadas con un contador de centelleo de antraceno. 
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Los autores comparan el poder de resolucién experimental (la menor diferencia de energia 
que es capaz de discriminar) con el calculado teéricamente para el filtro ““6ptimo”’ (10 keV para 
electrones). 


I. Introduction 


The problem related to the distinction of various types of low-energy elementary 
particles detected by a scintillation counter has been studied for some years and many 
papers have been written about it [1—5]. In these works some methods are proposed 
for discriminating between different scintillation pulse-shapes caused by various ionizing 
particles. 

In this work our aim has been to study a linear optimum filter in order to push the 
discrimination power to a theoretical limit for a particular scintillator and to make 
possible the distinction between elementary particles whose energy-loss in interacting 
with the scintillator is relatively small. A preliminary report of this method has already 
been made [6]. 


II. Description of the method 


Let a(t) and y(t) be the average time-function of two current pulses obtained at 
the output of a multiplier phototube due to scintillations of two different kinds of 
particles (e.g. an a particle and a y-quantum). 


The energies of the a particle and y-quantum are such that the two pulses are 
normalized to an equal total number N of emitted photoelectrons: 


oo fore) 
fecoa = [roar N 
0 0 


For the sake of simplicity we shall consider a (¢) and y (¢) described by the succession 
of the number a; and y; of photoelectrons emitted, for each type of pulse, in any one 
of equal time-intervals At; into which the time, beginning with zero instant, is divided. 


Then the normalization condition becomes: 
Diag=ZiyisN () 


The more general linear filter will give a particle identification signal .S which can be 
written as a weighted sum of the contributions a; and 7;. In that case: 


Sy = LiPiaj Sy = ViPiyi (2) 
The two signals differ by: 
A= S,— Sy = 2; Pi (i—vi) (3) 


If a and y; are supposed to have statistical Poisson fluctuations, with account also 
being taken of the fluctuations in amplification of individual photoclectrons (mainly 
due to the multiplication on the first dynode), the variance a2 of A is: 


ep = Dy [Peed + PRet] = {ViP2a + w}C + ea) (4) 


where the variance of the phototube gain «2 is supposed equal to (7): 


A 


DISCRIMINATION BETWEEN ELEMENTARY PARTICLES IN SCINTILLATION COUNTERS 267 


Q4=— (5) 


g being the secondary emission factor, considered to be equal for all dynodes. 
The relative variance of A is: 


y) Di P? (a + vd 


Az [>i Pi (ai — vd? (+e) "7 


and the optimum filter is defined by the P; that reduces this relative variance to a 
minimum. 


We can readily prove that the weights P; are: 


ai Vi 
P= 7 
Seabrarces (7) 


(A greater weight must have, as one might expect, those parts of the signals that differ 
most, provided that the difference is not one between two large terms). 


2 


* turns out to be 
e 1 2 
Ai 
=_q (8) 
A2 A + ea) 
and 
. A Vi 5 4 Vi 
So SD oe. ; ey yee 9 
at yi a rrr 
Moreover 
Sat S,=0 (10) 


as can be seen, taking also into account the condition of normalization. The signals 
Sa and S, are equal in absolute value and opposed: 


1, 1 >, Ga? 


So =—A 
2 2 a+ yi 


Sy (i) 


Their variances are not generally equal: 


2 2 
2 _fy (a7 ; 2 2 (ari ; 
ESe = = (¢ ne >) apa + Ea), &sy e e =) nh a + ea) (12) 


but they can be considered equal if the two signal shapes do not differ much. 


ere 
In fact if, with good approximation, one puts anes 


in the place of a; and y; in 


the last equations, one obtains: 


1 
£4 = 8S) = a (1+). (13) 
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In Fig. 1, Sg, Sy, gq and és, are plotted as functions of the total number N of 
photoelectrons (energy). 


Sy 
Esy 
Na Ny 
Esa 
Sa. 
Fig. 1 


Plot of the particle discrimination signals Sa and Sy vs. total number N of emitted photo- 
electrons (particle energy) 


Analogous considerations can be made if one considers a non-linear instrument 
that provides signals of particle-identification independent of N: 


DPiai SPs 
R= — a (14) 


One can prove that the optimum P; is the same as in the previous case. The 
relative variance of the signal 4 = R, — R, turns out to be: 
eA 1 ft -1yt 4 2 | > 
A 
Bo ve 2N la 2) ¢ + eA) [ a (lt ea) io 


"ait yi 


The relative variance of A is a little smaller than that of 4 owing to the correlation 
among the fluctuations in the total number N of photoelectrons and in the particle- 
identification signal S. 


A geometric interpretation of the operation performed on the signals represented 
by a; and »; can prove interesting. The succession of the quantities «; and y; can be 
interpreted as two vectors H, and H, in Hilbert space. The scalar products (2) give 
the magnitude of the projections of H, and H,, on the weight vector P whose components 
are given by (7) and which results in being orthogonal to H, +H . In fact: 
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3 (ems ‘) +n =0 (16) 


owing to the conditions of normalization. 


The condition of normalization forces the representative points of the vectors 
H, and Hy, to belong to the plane: 


Qi xi N. (17) 


Owing to (7) the three vectors: Z = H, + H,, D = H, — H, and P are bound by 
the relation: 


d; = 2% Dj (18) 


which can be interpreted as a vectorial homography between the vectors D, P fixed by 
the components of Z. 


Operation (2) corresponds to the more general linear operation made on signals a (t) 
and y(t) (which we suppose to be equal to zero for t<0 and t> T), and, if we 
consider continuous functions, represents the value of the integrals: 


T T 
Sa - [Pow dt Sy = [Po y(t) dt. (19) 
0 


It is well known that the value of these integrals is given by the output signal, at 
the time 7, of a linear system characterized by the response Q(f) = P(T—'*) to 
Dirac’s 6-function, when excited by the signals a(t) or > (t). 


HI. Description of the pulse shape discriminator 


The above method has been applied for separating elementary particles in an 
anthracene crystal. The weight-function was determined, starting from the scintillation 
waveforms of a particles from Po2#!0 and y» quanta from Cs!37, These waveforms 
were determined by differentiating graphically the recorded waveforms of the voltage 
pulses. These were obtained, integrating on a capacity the current-pulses supplied by 
a multiplier phototube, respectively for scintillations due to 3-MeV a particles and 
300-keV electrons. The curves obtained were normalized (Fig. 2) and gave the weight 
function drawn in Fig. 3. 


In the constructed circuit (Fig. 4) is included a formation network which gives a response 
to the 6 (¢) function equal to that of the weight function reversed with respect to time. 
Such a network consists of two delay-lines termed on suitable impedances and fed 
by means of two White cathode-followers, (V 1—2) and (V 3—4). As it has been stated 
above, the response of this network to a scintillation pulse (e.g. a y), once sampled to 

a Suitable time 7, gives the discrimination signal Sy = 2 Piy;. The circuit therefore 
includes a sampler capable of bringing into evidence the desired value, at the time 7, 
of the pulse emerging from the formation network. 


The sampler is essentially made up of a White cathode follower, (V 6—7) at the 
output of which is a voltage pulse obtained by injecting a current calibrated pulse on 
a 300-Q resistance, by means of a triode (V 8) brought into conduction, for a sampling 
time of 100 ns, from the cathode follower (V 9). 
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3 AND <& RAYS RESPONSE 
IN ANTHRACENE CRYSTAL 


tt or 


- bala = - —n we — 
0 100 200 300 400 500 600 700 


. Fig. 2 
Normalized scintillation pulses of an « particle and a quantum y (Compton electrons) in 
anthracene crystal 


300. 400~S~S*«O OO 600. ‘700 
ns 


Pct) 


WEIGHT FUNCTION P;= 450 


Fig. 3 
Weight function relative to the scintillation pulses of Fig. 2 for the optimum filter 


The sampled pulse is subsequently lengthened by the diode (V 12) on a 200-pF 
capacity and brought to zero by the diode (V 13), after 4 us, to reduce the dead time 
of the system. This pulse is the output of the system as far as the distinction signal of 
the particles is concerned. 


The signal can be sent into a Schmitt discriminator (V 17—18) with the threshold 
adjusted to a suitable level so as to obtain standard pulses in correspondence with 
a definite kind of particle. In fact, if two types of particles are to be discerned 
(e.g. y and a), the output signals of the filter at the sampling instant are all positive 
for one type of particle and all negative for the other. Therefore the Schmitt threshold 
should be adjusted to a voltage value equal to the height of the fixed step added by the 
sampling operation. 

The practical achievement of an optimum network is never perfect and therefore 
the straight lines of Fig. 1 are not generally symmetrical with respect to the horizontal 
axis: to allow an adjustment corresponding to a rotation of the two lines, it was found 
convenient to add an adjustable fraction of the energy signal to the discrimination 
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signal of the particles. This is obtained by injecting a fraction of the energy signal, 
via the potentiometer P 1, into the virtual ground on a (V 5) grid. 

If the types of particles are more than two, the circuit maintains a discrimination 
power. In fact the normalized pulses corresponding to various types of particles can be 
thought to be, as a first approximation, linear interpolations between the waveforms 
of Fig. 2. Consequently the shape of the weight function necessary for the optimum 
discrimination between various kinds of particles is very well approximated by the 
weight-function furnished by the quoted filter, if the waveshape of the various kinds 
of particles are not very different, as in our case. 


VI. Experimental results 


The tri-dimensional representation of the number of pulses corresponding to two 
spectra a (Po?!) and y (Cs!37) in an anthracene crystal (size: 1 < 1 x 1cm3) as a 
function of the particle-discrimination signal S(£) and of the energy E is shown in 
Fig. 5. This representation has been obtained by sending the particle-discrimination 
signals S(£) and the respective energy E signals to the two inputs of a 200-channel 
pulse-height analyser operating with an arrangement of 10 x 20 channels. 


COUNTS PER 


enANNEL CHANNEL 


450 
18 495 keV 
Fig. 5 
Tridimensional representation of the number of pulses vs. particle energy E and particle dis- 
crimination function S(£) obtained by scintillation of Po219 a particles and Cs137 y rays in 
anthracene crystal by means of a 200-channel pulse-height analyser (arrangement 10x 20 
channels) 


The calibration of the energy scale was taken by assuming as a reference the Compton 
edge energy (E ~ 477 keV) of the spectrum due to Cs!37 gamma-rays in the scintillator. 
Further evaluation of the resolution in discrimination between particles and electrons 
was made by sending the energy signals of the particles to the input of a single-channel 
pulse-height analyser which sorts out the signals corresponding to a certain energy 
interval of the particles (EZ, is the mean value of the energy interval). The output of 
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the single channel is sent to the input of a coincidence circuit of a 100-channel pulse- 
height analyser which classifies the discrimination pulses S (E) of the particles. Fig. 6 
shows two experimental curves obtained separately with the Po2!9 and Cs 137 sources 
in an anthracene crystal. The partially overlapping curves correspond to a particles 
and to electrons whose energy is included between 72 and 79 keV. (The Po2!° source 
was placed at a convenient distance from the scintillator to increase the number of 
low-energy particles.) 
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PARTICLE DISCRIMINATION FUNCTION S(E) 


Fig. 6 
Experimental curves relative to « particles and electrons in the energy range 72-79 keV showing 
the distribution of the pulses on the values of the particle-discrimination function (arbitrary scale) 


On the experimental curves of Fig. 6 we calculate the value of the relative variance 
of the discrimination signal for particles of an energy included in the above range. 
If es, and eg, are the standard deviations of the gaussian distributions and 4 is the 
distance between the centroids of the two curves, the relative variance of A results: 


ef es, eine 
Sa Y 
—<} = 22 SY _ 9.52. (20) 
(4) - a : 

Since: 
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A? 1 (a, — yi)? 4 
27 324 = 2 
en Ilt+eq at ri 1+, 
and since 4 is a linear function of N (energy of the particles) we can define a threshold 
2 


fb atin . A 
discrimination-energy such as that for which we have — = 1. 
€ 


(We assume here that the a(s) and y (‘) waveforms are independent of the energy of 
the particles). 


Such energy turns out to be: 


; . 
Ey = Em (2), (21) 


Since in our case E,, = 75 keV (for electrons) the threshold discrimination-energy, 
as above defined, turns out to be: 


Eg = 39 keV (for electrons) 
This experimental result can be compared with the theoretical value of the discrimination 


energy which can be obtained by introducing the parameter 


2 2 
r= £4. &N (22) 
A2 N2 


which gives the ratio between the relative variance of a particle-distinction measurement 
and an energy measurement. 


The value of r is an intrinsic quantity of the scintillator and is calculated on the 
basis of the experimental scintillation waveforms. Parameter r can be written as: 


= N _N 
OA (23) 
2 €A 
(1 + EA A2 


and can be interpreted as a number of photoelectrons equivalent to a unit-variance 
of a variable 4. From the examination of the formula we can also note that r is half 
the inverse of the angular coefficients of the straight lines S, and S, of Fig. 1. The 
value r was calculated on the basis of the experimental curves of Fig. 2 and its value 
was found equal to 7. 


The minimum theoretical energy is therefore equal to: 
WwW 
El=r.(it+ ed) — (24) 
n 


W ar 
where — is the mean energy in keV lost by a particle in the scintillator necessary for 
n 
the emission of a photoelectron by a photocathode of Cs,Sb of 40 uA/lumen. 
W 
The value of — turns out to be [8] equal to 1.4 keV/photoelectron for low-energy 


electrons in anthracene. 
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Hence: 
Eq = 13.3 keV (for electrons) 


(We assume the value of the variance «7, as defined in part 2, to be ~ 0.33, assuming 
the mean secondary emission factor g is equal to 4.) 

The large difference between the experimental and theoretical value of threshold- 
discrimination-energy has not been explained. 

It has been observed that the width of the a curves, as these of Figs. 5 and 6, is larger 
than that expected at low energy as if to say the Poisson statistic assumed for the 
fluctuations of the scintillation waveshapes is no longer valid for a particles at low energy. 

As a demonstration of the instrument performance Fig. 7 shows two spectra a (P0210) 
and y (Cs!37) obtained simultaneously with an anthracene crystal (size 1 x 1 x 1 cm). 
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Fig. 7 
Po?10 @ particles and Cs137 y spectra in anthracene crystal (size 1x 1% 1cm3) recorded by 
means of a 200-channel pulse-height analyser (arrangement 2x 100 channels) 
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; Fig. 8 
Po2l0 a particles and Cs137 » spectra in anthracene crystal (size 1x 1x1 cm3) recorded by 
means of a 200-channel pulse-height analyser (arrangement 2 x 100 channels) being the sources 
presented at successive times to the scintillator. In the right hand of the Figure is also shown 
the percentage fraction of the pulses that are not commuted in the correct set of channels 
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The spectra were obtained with a 200-channel pulse-height analyser in the 2 x 100- 
channel arrangement. The commutation of the pulse corresponding to the two types 
of particles on channels 1—100 and 101—200 is achieved by means of the quoted 
Schmitt discriminator, contained in the circuit. 

Fig. 8 shows two spectra a and y obtained with the same crystal used in the case 
of the spectra of Fig. 7 but with the sources being presented at successive times to the 
scintillator. 

(The a spectrum is different from that of Fig. 7 because of the different position 
of the source.) Fig. 8 also shows the plot of the percentage of the pulses that are not 
commuted into the correct set of channels. 
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Abstract — Résumé — Axnxotauna — Resumen 


Electronic methods for discriminating scintillation shapes. As reported previously, the scin- 
tillation pulse shape, which is characteristic of the excitating particle type (electron, proton, 
alpha, etc.), can be converted into a pulse-height independent parameter. This displays, by 
means of a multichannel analyser, the composition of a mixed particle beam which excites the 
scintillator. This method was successful with several scintillators, both of the organic and the 
inorganic type. 

Details are given of the electronic techniques used for converting the pulse shapes. For the simpler 
case of discrimination between only two classes of pulses (e.g. neutron-gamma discrimination) the 
use of passive networks has also been considered possible for further improvements and simpli- 
fications. A few networks were tried, the main results being that, in the presence of gamma 
background, the discrimination of recoil protons in liquid scintillators was extended to small pulses 
of a few decades of photoelectrons and the discrimination of neutron-capture fragments in boron- 
loaded liquids was obtained. Some of these networks operated with pulses of the same polarity, 
from two of the last dynode, or even with the output from a single electrode. This may be useful 
when it is convenient to use the anode independently, e.g. for operating fast time circuits, 


Méthodes électroniques de discrimination des formes des impulsions issues de scintillateurs. On 
sait que la forme des impulisions délivrées par un détecteur a scintillations, qui est fonction du 
type de particule excitatrice (électron, proton, particule alpha, etc.), peut étre convertie en un 
paramétre d’amplitude d’impulsion indépendant. Cette propriété permet de déterminer, a l’aide 
d’un sélecteur multicanaux, la composition d’un faisceau de particules mixte qui frappe le 
scintillateur. Cette méthode a été utilisée avec succés dans le cas de plusieurs scintillateurs, tant 
organiques qu’inorganiques. 

Les auteurs donnent des précisions sur les procédés électroniques employés pour convertir la 
forme de l’impulsion. Dans le cas le plus simple, celui ou la discrimination ne doit se faire qu’entre 
deux types d’impulsions seulement (neutrons et rayons gamma, par exemple), on a également 
envisagé l’emploi de réseaux passifs qu’il serait possible d’améliorer et de simplifier. Les auteurs 
ont fait l’essai de quelques réseaux; ils sont notamment parvenus, en présence d’un bruit de fond 
dai a des rayons gamma, a réaliser la discrimination dans des scintillateurs liquides de protons 
de recul ne délivrant que de faibles impulsions (quelques dizaines de photo-électrons) et celle de 
fragments de capture de neutrons dans des scintillateurs liquides contenant du bore. Certains de 
ces réseaux ont pu fonctionner avec des impulsions de méme polarité issues de deux des derniéres 
dynodes, et méme avec les impulsions de sortie délivrées par une seule électrode. Il y a 1a une 
possibilité intéressante pour les cas ot il est indiqué d’utiliser anode séparément, par exemple 
pour le cycle de synchronisation. 


D.AeKTPOHHEIC MeTOAbI QHCKPHMHHAUHH @opM CHHATHAIAGHM. Kak yxe CooOmIanOch paHbule, 
dopMa CUMHTHIIAIHOHHOrO MMMysbca, xapakTepy3yiomiaa Tun Bo3Gyxnalole YacTHLIbI 
(9NeKTpOH, IIPOTOH, ambda uw T.4.), MoxKeT GbITh NpeBpallieHa B HeE3aBHCHMbIit OT aMULAHTY ABI 
MMIIy/Ibca HapaMerp, STO NO3BOMAeT BLIABHTb NOCPeXCTBOM MHOLOKaHabHOrO aHalM3aTopa 
coctas so36yxfalomero CUMHTHIIATOp Ny4ka CO CMeLIaHHBIMH YacTHIaMH. OTOT MeTOA 
6b1 ycoewHO DPUMeHeH K HECKOJIBKMM CIMHTYIIATOpaM Kak OpraHHyecKOro, Tak HM HeopraHy- 
yeckoro TuMAa. 

Tipusogstcs Detain 3eKTpOHHBIX MeTOQHK, KCNONb3OBaHHBIX Ayia MpeoOpazoBaHHa POpMbI 
umnynbcos. Jia Gomee MpocTbIx ciyyaeR DMCKPHMHHAWMN TONbKO M@KIY ABYMA BHAaMH 


ny 
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WMILYJIbCOB (HaNpHMep, UCKPpHMMHalluA HeATpoHOB OT ramMMa-H3IYYeHH) paccMaTpHBaJlace 
TaKKe BO3MOXKHOCTL MCMONb3OBAHHA MaCCMBHbIX CX€M, MpPeACTABIIAIOMUIUXCA NePCiieKTHBHbIMA 
WIA Tanbuetimax yCOBepUIeHCTBOBaHH HW ynpoweHnii. Beuio ucnpoGoBaHo HecKONbKO CxeM, 
TWaBHBIM pe3ysIbTaTOM 4ero GIO TO, ITO pH HanwiwM PoHa raMMa-W3.1v4eHUA yoanoce 
PacnpocTpaHUuTh TACKPAMMHALMIO NPOTOHOB OTA B ARMOKMX CUMHTHIATOpax Ha MaJBIe 
MMIOYJIBChI BCerO JIMIIb B HECKONBKO JeCATKOB MOTOSIEKTPOHOB, a Taioxe WOOuTCH aHC- 
KPHMHHalM OCKOJIKOB 3aXxBaTa HelirpoHoB B coyepxanIMx Sop *xuyKOCTAX. 

Hexoropbie m3 9THx cxemM ObDIM npeqHasHayeHbI Qa paOoTEI c UMNYIECaMu OnMHaKOBO 
NONAPHOCTH, NOTaBaeMbIMH JIBYM# TOCIeCAHAMHM 3BICKTPOJaMM YMHOXKNTEIA, “IM TaKxe c 
BBIXOQHBIMH WMITyJIbCaMH OHOYO JIMMIb 3IeEKTpOda. DTO MOXKeT OKa3aTbCA MoOe3sHbIM pu 
He€3aBHCHMOM HCIOJIb3OBaHHH aHOwa, HalpuMep, Ait XxPOHHPOBaHMA MMMYII_COB. 


Métodos electrénicos de discriminacién de forma de impulsos de centelleo. Como ya se ha 
sefialado, la forma de los impulsos emitidos por un centelleador, que es caracteristica del tipo 
de particula excitante (electron, protén, particulas alfa, etc.), puede convertirse en una amplitud 
de impulso como pardmetro independiente. Ello permite determinar, utilizando un analizador 
multicanal, la composicién de un haz mixto de particulas que excite el centelleador. Este método 
se ha aplicado con éxito empleando varios centelleadores de tipo organico e inorganico. 

Los autores describen con detalle las técnicas electronicas utilizadas para convertir la forme 
de los impulsos. En el caso mas sencillo de discriminacién entre sdlo dos clases de impulsos (por 
ejemplo, discriminacién de neutrones y rayos gamma), se ha estudiado la conveniencia de utilizar 
redes pasivas, susceptibles de nuevos perfeccionamientos y simplificaciones. Se han ensayado 
varios tipos de redes y el principal resultado obtenido consiste en la discriminacion, en presencia 
de un fondo gamma, de los protones de retrocesco en centelleadores liquidos hasta impulsos 
débiles, de unas cuantas decenas de fotoelectrones, y la discriminacién de fragmentos emitidos 
por captura neutrénica en liquidos conteniendo boro. Algunas de estas redes fueron capaces de 
operar con impulsos de la misma polaridad emitidos por dos de los ultimos dinodos, incluso con 
la salida de un solo electrodo, Ello puede ser util cuando conviene emplear e! anodo indepen- 
dientemente, por ejemplo, para sincronizacién. 


It has been found in the last few years that the scintillation pulse shapes, given by 
many of the commonly used phosphors, both of the organic and the inorganic type, 
are more or less dependent upon the specific ionization of the particle. 

I. Most of the organic scintillators (crystals, liquids and plastics) show the same 
typical behaviour. The scintillation is composed of a fast initial decay, followed by 
some components of longer duration, mainly due to ion recombination. More heavy 
excitation particles produce a stronger quenching of the fast component, but do not 
influence the longer ones very much. This property can be applied for discriminating 
between particles of different types, such as fast neutrons and gamma rays. Experimentally, 
rather general criteria of discrimination have been introduced, such as comparing the 
total scintillation-pulse charge with the height of the initial peak [1], or with the charge 
of the latter [2]. 

We deal with the second method. The comparison can be accomplished very simply 
by means of some passive networks. 

In an earlier experimental technique, developed in our laboratory, the initial peak 
was separated from the whole pulse by means of a shorted delay line and a crystal 
diode, operating at the photomultiplier anode and its charge was balanced with the 
total charge taken from a dynode. The resulting signal, having a certain polarity for 
one type of particle only, could be detected by a voltage discriminator. 

Improvements and simplifications have been recently obtained, by using double-rc 
differentiation instead of delay-line clipping. The scintillation pulse, made of a fast 
and slow decay components, is differentiated through a double-rc network. With a 
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suitable choice of the constants, the area of the resulting peak and of the undershoot, 
which are equivalent and opposite, is determined only by the charge of the fast component 
(this is referred to as “prompt charge’’). 


Separating either the peak or the undershoot by means of a fast diode, causes the 
prompt charge to be detected. This is balanced with the total charge and the result 
is integrated. 


Among the possible circuits three different types are proposed: 


(a) See Fig. 1 (a). Here the outputs from both the anode and one dynode are used. 
At the anode the peak is caught, to get the prompt charge (negative). 

(b) See Fig. 1 (b). Two dynodes are used. The prompt charge is got from the negative 
undershoot. 

(c) See Fig. 1 (c). One electrode (e.g. dynode) only is used. The (negative) undershoot 
is mixed with the (positive) total charge, taken directly at the dynode connection. 

In the last two cases, the rise of the pulses to be mixed is not simultaneous and 
therefore suitable smoothing circuits must be inserted before the output. In both cases 
the anode is left free. This may be useful when an independent negative output is needed, 
e.g. for feeding fast time circuits. In the last case, moreover, the discrimination effect 
should not be influenced by changes of the interstage gain. 

The above circuits have been applied to discriminate, against gamma background, 
fast and slow neutrons, detected by liquid scintillators NE 211 and NE 311 (boron 


loaded). With the containers used, the scintillation efficiency of both was only 50% of 
anthracene. 


Fig. 2 shows the Po-Be neutron pulse-height spectrum, gated by means of the shape- 
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Fig. | 
Three different types of proposed circuits 


(a) Outputs from both the anode and one dynode 
(b) Using two dynodes 
(c) Using only one electrode 
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discriminator, type (a). The gamma-discrimination efficiency was approximately 1°/, 
counted pulses. The proton-detection efficiency dropped below ~ 75 keV of the electron 
pulse-height scale. 


COUNTS / CHANNEL 


CHANNEL NUMBER 


Fig. 2 
Pulse-height spectrum of Po-Be neutrons, gated by means of the shape-discriminator, type (a) 


With boron-loaded liquid the neutron-capture fragments have been discriminated 
from gamma rays. This is shown in Fig. 3 by the appearance of the high peak in the 
spectrum (a), obtained with the source surrounded by paraffin, in comparison with 
the spectrum (b) (mainly due to recoil protons), obtained without paraffin and reported 
on the same scale. 
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Fig. 3 


Diagram showing the discrimination of neutron-capture fragments in boron-loaded liquid. 
(a) Captured neutrons 
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The above results are very preliminary. We hope to obtain a good discrimination 
of protons at lower energies when using scintillators which are known to have better 
discrimination properties, such as stilbene and the special NE 213 liquid. Further 
possible improvements in the circuit design are also considered. 

Il. The behaviour of inorganic scintillators seems to be rather complex and does not 
afford a uniform criterion for particle discrimination. In order to display any mode 
of variation of the scintillation pulse-shape, depending on the type of excitating particle, 
we have developed a rather general method based on the following principle [3]: 

The pulse from the anode of the photomultiplier is fed to an Rc-coupled circuit in 
order to obtain a double differentiation (Fig. 4). The output pulse will cross the zero 
once after a defined time ¢. This time is a function of the pulse shape and does not 
depend on the pulse amplitude. 
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Fig. 4 
Operational diagram for the pulse-shape discrimination 


Characteristic values of ty will correspond to different particle types which produce 
distinct pulse shapes. The purpose of the electronic system (Fig. 4), is to convert ty 
into an amplitude signal f(¢g), to be measured with a multichannel analyser. The height 
of the pulses is first limited for practical reasons. The front of the pulse starts a trigger 
that generates a pedestal of a well defined height 4. The pedestal is mixed to the previously 
shaped pulse. - 


At the time fy the resulting shape will reach the level A and trigger the following 
discriminator, preset at a bias equal to h. The two trigger pulses are mixed and the 
result is integrated in order to give an amplitude signal f (to), to the pulse-height analyser. 
A side channel controls the gate of the analyser,to prevent the registration of scintillation 


M. FORTE ef ail. 


282 


49] J9AU09-14319y 01 advys-as—nd ay Jo WeIseIP d1001199(q 
g B14 


ELECTRONIC METHODS FOR DISCRIMINATING SCINTILLATION SHAPES 283 


pulses below a given amplitude. The electronic circuit of the pulse-shape to height- 
converter is shown in Fig. 5. 

The type of triggers used can operate at low threshold (10—100 mV), with a good 
stability. The circuit is composed of a pair of conducting tubes, coupled through a 
cathode follower cut off in the quiescient state. 

The scintillators were excited with gamma rays from Cs137, Co, Na22 and Ra; 
recoil protons from a thick polyethylene radiator exposed to a Po-Be source; and alpha 
particles from a U238 thick source. 

In order to show the behaviour of the scintillators under good statistical accuracy, 
the discrimination level of pulse heights was usually about 1 MeV for electrons. 

The following results were obtained: 

With Nal (TI) a good separation between gammas and protons was possible, as 
shown in Fig. 6. The position of the alpha peak and the proton peak were almost 
coincident (Fig. 7), showing no difference between the oscillation shapes. This result 
is in agreement with oscillographic measurements of the pulse shapes, made by Owen [5]. 
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Separation between gamma and proton The position of the alpha peak is almost 
peaks with NalI(TI) coincident with the proton peak shown 
in Fig. 6 


With CsI (Tl) three distinct peaks were obtained (Fig. 8), in agreement with the 
oscillographic measurements of the decay times obtained by Storey ef al. (6] and by 
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With ZnS(Ag), the relative distance between the proton and alpha peaks is much larger than 
in previous cases 
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Kocu ef al. [7], in contrast with Owen, who found no distinction between alphas and 
protons. The use of CsI (T1) for identifying the particles produced in a nuclear reaction 
is shown in Fig. 9. In this case the scintillator detected (n, p) and (n, q) reactions in 
a S32 target, irradiated by fast neutrons. The detected number of gammas from the 
Po-Be source was, of course, several times larger than the reaction products. 


With ZnS (Ag) (Fig. 10), the relative distance between the proton and alpha peaks 
is much larger than in previous cases although, in our measurements, this effect was 
masked by an excessive broadening of the peaks, due to various experimental reasons. 
However ZnS seems a very promising discriminator for mixed particle beams. 


The behaviour of Li (Eu) was studied with slow neutrons. Unfortunately no 
practical difference was found between gamma rays and the Li fragments due to neutron 
capture. 

The discrimination method has also been applied to organic scintillators with much 
shorter decay times and in some cases has been found very efficient. The discrimination 
of protons was excellent with stilbene and anthracene (Figs. 11 and 12). In the case 
of anthracene, when the acceptance level for the scintillation amplitudes was reduced 
to less than 300 keV of electron, a reasonable discrimination of protons was still obtained 
(Fig. 13). 
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Diagram showing excellent discrimination Discrimination of protons with anthracene 
of protons with stilbene at usual gate bias (= 1 MeV electron) 


Alpha particles could also be fairly well separated from gammas, although they 
have a severely reduced scintillation efficiency (Fig. 14). With liquid scintillators only 
a poor discrimination of protons was possible. 
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at reduced gate bias (~ 300-keV electron) 
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Abstract — Résumé — Anxotanaax — Resumen 


New apparatus for. discriminating shapes—application to the study of neutron-proton elastic 
scattering at 14.6 MeV. The mean life of scintillations in caesium iodide is dependent on the 
nature of the ionizing particle, the shortest life corresponding to the highest ionization density. 

This property is utilized for distinguishing different particles producing scintillations of 
similar amplitude. The apparatus described is a shape discriminator. It measures the time 
required by the scintillation to fall from its maximum to an adjustable fraction thereof. A time- 
amplitude converter provides a pulse the height of which is proportional to the time so measured. 
A comparison is then made between the shapes of the scintillations produced by alpha particles, 
protons and electrons, and the results obtained are shown. 

Application of this method to the measurement of recoil protons set in motion in a thin hydro- 
genated diffuser by a neutron flux is also described. Suppression of the pulses produced by 
gamma rays makes it possible to deduce from the spectra obtained the variation of the differential 
elastic scattering cross-section in terms of the angle, for d-t reaction neutrons. 


Nouveau dispositif de discrimination de formes — Application 4 étude de la diffusion élastique 
neutron-proton 4 14,6 MeV. La vie moyenne des scintillations dans l’iodure de césium varie 
suivant la nature de la particule ionisante. A la plus grande densité d’ionisation correspond la 
vie la plus courte. 

Cette propriété est employée pour distinguer différentes particules produisant des scintillations 
d’amplitude analogue. L’appareil décrit est un discriminateur de forme. Il mesure fe temps mis 
par la scintillation pour passer de son maximum a une fraction réglable de cette amplitude. Un 
convertisseur temps-amplitude fournit une impulsion dont la hauteur est proportionnelle au 
temps ainsi mesuré. Les auteurs comparent les formes des scintillations produites par les par- 
ticules «a, les protons, les électrons; ils présentent les résultats obtenus. 

Les auteurs décrivent l’application de cette méthode a la mesure des protons de recul qu’un 
flux de neutrons met en mouvement dans un diffuseur hydrogéné mince. La suppression des im- 
pulsions dues aux rayons y permet de déduire des spectres obtenus la variation de Ja section 
efficace différentielle de diffusion élastique en fonction de l’angle pour les neutrons dela réaction d-t. 


Hospiii AHCKpHMHHAaTOp NO @opmMe — npHMeneHHe K H3YY4eHHIO ynpyroro paccesHua HeiiTpon- 
mporon c 14,6 mos. CpeqHad MpODOKUTEIbHOCTS 2KH3HH CUMHTHIIaMA B HOAMCTOM e3nK 
MeHACTCA B 34BMCHMOCTH OT XapakTepa HOHH3MPYIOWe YacTHUbI. Camo BbICOKOM ONOTHOCTH 
MOHW3aUHU COOTRETCTBY€T CaMaH KOPOTKaA MPOOIDKMTEIBHOCTL 2KM3HH. 

STO CBOHCTBO HCHONb3YeTCA AJIt OGHAPYKEHHA PAIIHYHBIX YaCTHH, NAIOUMX CHHATHIVIAQHH 
aHasOrM4How amninntTyop. Onuchinaembiii upuSop saBIAeTcA QMCKpHMHHATOpOM no dopme. 
Ox W3MepaeT BPeMaA, 3ATpayHBaeMoe CUMHTHIIALUMel OA Mepexoga oT cBoero MaKCHMyma 
0 yopaBiivemoii YacTH STOK AMIMIMTY OI. Bpema-aMmMIMuTy QHbIM Mpeocbpa3zonaTelb WaeT HMIYJIEC, 
BbiICOTa KOTOPOrO MpONOpWMOHaIbHa W3MepeHHOMy TaKHM o6pa30M BpemeHH. B pa6ote 
CpaBHHBarIoTca OpMbI CUMHTWIUIAIM, MpowsBeyeHHbIX aybia-yacTHaMu, TIpoTOHaMH u 
9JIeKTpOHaMH. Jlanee W3araloTCA MOMYYEHHbIe Pe3YJIbTATHI. 

ABTOPBI OHHCBIBaIOT HPHMeHEHHe 3TOTO MeTORa K H3MEPCHHIO NPOTOHOB OT1a4H, NPHBOHMBIX 
B DBWKEHHE NOTOKOM HeHTPOHOB B TOHKOM BOZOPOnHOM AMuddy3ope. Tamenne uMilysiEcos, 
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BbISBIBACMBIX TaMMa-J1YYaMM, MO3BONAeCT BbIBECTH M3 NMOJYYeEHHbIX CHeKTpos KomeGanue ud- 
depeHimanbHoro sddekTHBHOTO CceYyeHuA YIIpyroro pacceAHHA B 3aBMCMMOCTH OT yrua AIA 
HeHTpOHOB peakuun d-t. 


Nuevo dispositivo para discriminacién de formas — Aplicaci6n al estudio de la dispersion 
elastica neutrén-protén a 14,6 MeV. La vida media de los centelleos en el yoduro de cesio varia 
segin la naturaleza de Ja particula ionizante. La vida mas corta corresponde a la densidad de 
ionizacion mas elevada. 

Los autores aprovechan esta propiedad para distinguir entre si particulas que producen 
centelleos de amplitud andloga. El aparato descrito es un discriminador de forma de impulsos. 
Mide el tiempo que tarda el centelleo en pasar de su maximo a una fraccion regulable de dicha 
amplitud. Un convertidor de tiempo-amplitud produce un impulso cuya amplitud es proporcional 
al tiempo medido de este modo. La memoria compara las configuraciones de los centelleos 
producidos por las particulas alfa, los protones y los electrones, y presenta los resultados obtenidos. 

También describe la aplicacién de este método a la medicién de los protones de retroceso 
que pone en movimiento un flujo de neutrones en un difusor hidrogenado de poco espesor. La 
supresién de los impulsos debidos a los rayos gamma permite calcular, a partir de los espectros 
obtenidos, la variacién de la seccién eficaz diferencial de dispersion elastica en funcién del 
Angulo para los neutrones de la reaccion d-t. 


Principe 


L’impulsion lumineuse délivrée par un cristal minéral (ou organique) sous I’action 
d’une particule ionisante peut étre décomposée, en premiére approximation, en deux 
exponentielles essentielles; ces composantes définissent deux temps de vie 7, et T, 
pour les centres excités du scintillateur. La valeur de T, et de 7, et leurs importances 
relatives sont liées 4 la densité d’ionisation des particules incidentes. Ainsi, dans l’iodure 
de cesium, Storey et al. [1] ont obtenu les résultats suivants. 


: a 5 
Particule incidente tee) eee a enter 
nea 0,7 0,52 0,42 
Tz en ps 7 7 7 
Pourcentage de la composante lente en % 50 30 25 


Si lon choisit la constante de temps du circuit anodique suffisamment petite (de 
Vordre de 0,2 us), l’impulsion lumineuse est assez fidélement reproduite par l’impulsion 
électrique. La figure 1 représente la forme théorique U(t) des impulsions anodiques 
délivrées par un photomultiplicateur équipé d’un cristal CsI avec une constante de 
temps de 0,2 us; on a supposé que les impulsions dues aux particules alpha et celles 
dues aux rayons gamma avaient la méme amplitude. En tracant une droite paralléle 
a l’axe des temps au tiers environ de l’amplitude des courbes U(t), on définit des temps 
f, et 4, nettement distincts lun de l’autre. 

La méthode consiste 4 utiliser ces différences; pour cela, il suffit de superposer a 
l’impulsion anodique une impulsion carrée de signe opposé et proportionnelle a l’ampli- 
tude maximale de l’impulsion anodique. L’instant f), oti le signal résultant s’annule, 
est donc indépendant de amplitude et ne dépend que de T et RC. En fait, il sera plus 
commode d’utiliser une impulsion non carrée, mais largement décroissante, car alors 
les différences entre fo, et oy seront encore plus grandes (cf. fig. 1, ou une droite en 
pointillé définit ¢, et t’,). 
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Figure 1 


Forme théorique desimpulsions délivrées par un compteur a scintillations équipé dun cristal 
CsI (T! pour une constante de temps du circuit anodique de 0,2 us. 


ECC 189 


®xe © © 
ims 


Figure 2 
Schéma du circuit «mesureur» de formes. 
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Dispositif expérimental 
CIRCUIT MESURANT LA DUREE DE DECROISSANCE 


La figure 2 représente le dispositif électronique qui permet la mise en évidence du 
temps fp. L’impulsion anodique est séparée en deux parties par un double amplificateur 
a cathode asservie. Un circuit détecteur de grande constante de temps (de l’ordre de 
20 us) fournit un signal légérement décroissant et proportionnel a (amplitude de 
Vimpulsion. La comparaison de l’impulsion avec ce dernier signal s’effectue dans un 
amplificateur différentiel ob la contre-réaction est considérable. 

La figure 3 montre les photographies des impulsions obtenues aprés le mélange et 
la différence observée pour les valeurs de fy relatives 4 des particules alpha et a des 
électrons d’amplitudes voisines. 


a) 


b) 


c) 


Figure 3 
Impulsions délivrées par le circuit «mesureur» de formes a) pour des particules «., b) pour des 
rayons y, c) pour des particules « en présence de rayons y. 


Résistance de charge: 100 k2Q 
Vitesse de balayage: 1 ps/cm. 


CONVERTISSEUR TEMPS-AMPLITUDE (fig. 4) 


A entrée, l’impulsion est envoyée dans deux voies qui produisent respectivement 
un signal 4 Vinstant 0 et un signal a l’instant fy. Ces deux signaux déclenchent une 
bascule et, par conséquent, le passage d’une particule ionisante se traduit par un signal 
carré de largeur ¢). Une simple intégration, méme partielle, transforme Ja largeur en 
amplitude. 
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Figure 4 


Schéma du convertisseur temps-amplitude. 
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Figure 5 


Discrimination de formes. Particules a provenant d’une source de 239Pu aprés traversée de 
6 uw daluminium. Rayons y émis par 88Y. 
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Résultats expérimentaux 
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Une particule d’une nature donnée est caractérisée par un temps f), donc par une 
raie d@’amplitude dans le spectre des impulsions données par le discriminateur de formes. 
La netteté dans la distinction des formes est donc liée 4 la résolution des raies; cette 
résolution dépend des amplitudes maxima avant mise en forme et d’un facteur k (k < 1). 
Le réglage du facteur & est important. Les figures 5, 6 et 7 illustrent les résultats obtenus. 
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Figure 6 


Discrimination de formes. Particules a provenant d’une source de 239Pu aprés traversée de 
4 d’aluminium. Protons (de recul) de 3 MeV. Fond gamma. 
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Discrimination de formes. 
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Figure 7 
Protons (de recul) au voisinage de 14 MeV. Fond gamma. 
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Traces de spectres alpha ou de protons en présence d’un rayonnement gamma 


Le montage général (cf. fig. 9) comporte une sortie sur la dixiéme dynode du photo- 
multiplicateur Radiotechnique 56 AVP; les impulsions prélevées sur cette dynode 
fournissent une représentation linéaire du spectre des impulsions lumineuses, quelle 
que soit l’origine de ces impulsions. 

Les impulsions délivrées par le circuit discriminateur permettent, grace 4 une porte, 
d’éliminer du spectre linéaire les impulsions qui ne sont pas dues aux protons ou aux 
particules alpha. 

La figure 8 représente les résultats obtenus avec les particules alpha du plutonium-239 
aprés ralentissement par 6. d’aluminium en présence d’une source de 10 uc de 
sodium-22. Le circuit discriminateur élimine les impulsions dues aux rayons gamma. 


3000 4 SANS COINCIDENCE 
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Figure 8 
Tracé d’un spectre « (« de 239Pu ralentis par 6y d’aluminium) en présence d’une source de 22Na. 


Etude de la diffusion élastique (n—p) 4 14,58 MeV 
PRINCIPE DE LA METHODE 


Un compteur 4 scintillations équipé d’un cristal CsI (Tl), qui est recouvert d’une 
feuille mince de polyéthyléne, est placé dans un faisceau monoénergétique de neutrons 
rapides produits par la réaction (d-t). La réponse de l’iodure de cesium [2] varie linéaire- 
ment avec l’énergie des protons et, dans ces conditions, le dispositif fournit une 
représentation linéaire du spectre des protons de recul. 

Malheureusement, Il’efficacité liée 4 l’épaisseur du diffuseur est faible tandis que la 
sensibilité aux rayons gamma est grande, et la méthode d’investigation usuelle consiste 
a mesurer la répartition des neutrons élastiquement diffusés autour de la cible. 

La discrimination de formes, en supprimant la sensibilité aux rayons y, permet la 
mesure directe, dans le faisceau incident lui-méme, des ions de recul. 
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Les impulsions du photomultiplicateur (sortie linéaire) associé au cristal, avant 
d’attaquer le sélecteur d’amplitudes, passent dans un circuit a coincidences (fig. 9), 
et les seules impulsions analysées sont celles qui sont en coincidence, d’une part avec 
les impulsions provenant du circuit discriminateur, ce qui élimine le fond gamma, 
d’autre part avec les impulsions délivrées par un compteur qui détecte {es particules 
associées aux neutrons, ce qui élimine le fond parasite. 


PM. PARTICULE 


ASSOCIEE 7 
SELECTEUR 


VOIE 
LINEAIRE E 
Figure 9 
Dispositif d’étude de la diffusion élastique. 


RESULTATS OBTENUS 


La figure 10 représente 4 14,6 MeV la variation de la section efficace de diffusion 
(n-p) en fonction de angle y’ de diffusion du neutron dans le systéme du centre de 
gravité. Les points expérimentaux qui y figurent sont déduits du spectre des protons 
de recul. 
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ANGLE DE DIFFUSION DU NEUTRON DANS LE SYSTEME DU CENTRE DE 
MASSE (EN DEGRE) 


Figure 10 
Variation de la section efficace différentielle de la diffusion élastique (n-p) 4 14,6 MeV. 
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Pour tenter de représenter la courbe de la figure 10 par un modéle théorique, il est 
commode d’écrire 


f(y) =1+acosy + bcos? 


en désignant par ¢ l’angle de diffusion du proton dans le systeme du centre de masse 
(y’ = 180 — g) et par f(g) la répartition angulaire des protons dans ce méme systéme, 
et par a et b des constantes. Quoique cette méthode ne prétende pas démontrer la forme 
parabolique de la diffusion, les valeurs de a et b déduites de la figure 10 sont a ~ 0 et 
b = 0,99. 
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CUMHTWJULALMOHHbIM CUETUMK HEMATPOHOB, 
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Abstract — Résumé — Annotanna — Resumen 


A neutron scintillation counter with low sensitivity for y rays. The paper describes a simple 
scintillation counter circuit with a high efficiency for recording neutrons and a low efficiency for 
gamma rays. The operation of the counter is based on the different shape of the scintillation 
pulses produced in stilbene by neutrons and gamma quanta. Separation is obtained over a wide 
range of neutron energies. The minimum energy for which neutrons can be distinguished from 
the gamma background is 80 keV. In neutron recording the amplitude characteristic of the output 
pulses is approximately linear. The question of the degree to which counts due to the gamma 
background can be eliminated is also discussed. 


Un compteur 4 scintillations neutronique 4 faible sensibilité aux rayons gamma. Le mémoire 
décrit un circuit simple de comptage a scintillations dont le taux d’enregistrement est élevé pour 
les neutrons et faible pour les rayons gamma. Le fonctionnement du compteur est fondé sur le 
fait que les impulsions de scintillations, provoquées dans le stilbéne par les neutrons et les quanta 
gamma, sont de formes différentes. La séparation est réalisée pour une gamme d’énergies 
étendue des neutrons. L’énergie minimum des neutrons qu’il est possible de séparer du bruit de 
fond gamma est de ~ 80 keV. Lors de l’enregistrement des neutrons, les caractéristiques rela- 
tives a l’amplitude des impulsions de sortie présentent un aspect approximativement linéaire. 
On examine la question que pose |’élimination des coups dus au bruit de fond gamma. 


CuHETHUIISQHOHHBIA =C4eTUHK HeiTPOHOB, MaJOYYBCTBHTeCIBHbI K y-Iy4am. OmnncpiBaeTca 
npoctad CxeMa CUHHTHIIAIMOHHOTO cYeTunKa, OGNafarollero BbICOKOM 9stpdbeKTHBHOCTHIO 
peructTpawmu HeiTpoHOB HW HU3KOH ddceKTMBHOCTHIO K y-Iy4¥aM. PaOoTa cueTayHKa OCHOBaHa 
Ha pa3KinH (OPM CUHATHIUIALMOHHBIX MMIYJIBCOB B CTHIbGeHe, BO36y2KTaeMbIX HelTPOHAaMH 
MW Y-KBaHTaMH. Pa3neneHHe OCyLIecTBIAeTCA B DIMpOKOM HMHTepBasie 39Heprul HelTpoHos. 
MuHuManbHad 3Heprua HeMTPOHOB, BbIDeMAeMbIX “3 y-oHa, ~ 80 k9B. IIpu perucrpayun 
HeHTpOHOB aMIVIMTYTHad XapakTePpHCTHKa BbIXOTHBIX HMIYJIBCOB HMMeeT npHOsH3uTeIbHO 
JIMHeHHbIM Bun. PaccMaTpHBarloTCA BONPOCbI cTeleHu ycTpaHeHua oTCYeTOB, OOYCMOBNeHHbIX 
\-dboHOM. 


Un contador de neutrones por centelleo de baja sensibilidad a los rayos gamma. En esta memoria 
se describe un circuito simple de recuento por centelleo, de elevada eficiencia para el registro 
de neutrones y de poca eficiencia para los rayos y. El funcionamiento del contador se basa en la 
diferenciacién de las formas de los impulsos de centelleo producidos por los neutrones y los 
fotones en un cristal de estilbeno. La separacién se logra en un amplio intervalo de energias 
neutrdnicas. Pueden distinguirse del fondo de rayos y los neutrones cuya energia minima es del 
orden de los 80 keV. En el registro de los neutrones la amplitud caracteristica de los impulsos 
de salida es casi lineal. En la memoria se estudia la medida en que pueden eliminarse los impulsos 
debidos al fondo y. ; 


Pa6ota cueTunka OCHOBaHa Ha 3aBMCHMOCTH OPMbI CUMHTHJIAUMOHHBIX MMITyJIbCOB 
HEKOTOPBIX CIMHTHJUIATOPOB OT Opwpogb Bo3s6yxgaroummx yactuy [1] [2]. Mpu ogu- 
HakOBO BLICOTe HAaYaIBHOFO NHka CUMHTWJUIAWHOHHOTO MMIybca CTHIbGeHa MOMHBIi 
CBETOBOH BbIXON (T.€. NIOWATb CUMHTHIIAWMOHHOLO HMITysIbCa) GoMbLUe AIA HeHTPOHOR, 
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¥eM JIA Y-KBaHTOB. Cxema CueTUMKa TocTpoeha NO NpPHHMHy B3aMMHO KOMMeHcalMM 
UMIYIIbCOB, AMIMIMTYObI KOTOPbIX IPOMOPIMOHAIIbHEI COOTBETCTBeCHHO BBICOTe Muka 
MW IIOJIHOMY CBETOBOMY BbIXOLY CUMATHINIAIMH |[2] [3]. Mpenmaraeman cxema oTIIMYAeTCH 
pocroroi uw yooOna B 9KcINOaTauuE. 

Heiirpousi perucrpupyrorca up nomouiu| crumeGenonoro Kpuctasia (© 34 mM, 
h ~ 28 MM) u @oTooNeKTpOHHOrO yMHOxKuUTEeIA Tuna OOY-33 (cm. puce. 1 a)). Tipu 
NOMOlM MHTerpupyrommx RC-yenei c pa3mM4yHOow BenmuMHO RC (~5:°10-%cex u 
~ 5+ 10-6 cex) B anoge u NocnegqHeM AuHOLe |\DDY dopmupyrorcs uMnyNbCbI, aMTI- 
TYDbI KOTOPbIX OMPeACIALOTCA COOTBETCTBeCHHO BbICOTOM MHKa H MOWHbIM CBETOBLIM 
BbIXOZOM CUMHTHINIAuHH. Bnarogapa guony J-10 aHogHBii wMnyibc yomHseTca. 
Tipu so36yxgeHum crunpGena y-KBanTamMu R u C wutTerpupyrolici uenm auHORa 
perympyroTca TaKHM O6pa30M, 4TOObI AaMIIMTYObI AHODHOTO A ZHHOHOTO UMITyJIBCOB 
ObLIM PaBHI, a WJIMTeENbHOCTS NepBoro Oba HECKONbKO GosIbIIe WJIMTe.sIbHOCTH BTOPOTO. 
Torga DpH clox*KeHHH 3THX MMMYJIBCOB (Ha CONPOTHBNIeHHAX 91k, puc. | a)) MomMOKUTeTb- 
HbIe€ MMIYyJIbChI Ha BbIXOZe CX€MbI NOABIIAIOTCA TONbKO IPM perucTpaunu HeHTPpOHOB 
(cm. puc. 1 6)). Ha puc. 2 a) u 2 6) mpuBeneHbI OCUMINOrpaMMB! HMNyNbcos, BbIpaGarTsl- 
BaeMBIX 3TOM CXeMOii pu perucrpaliun u3nyseHui OT HcTOUHMKOB SB!*4 (E, = 1,7 Map) 
wu Po-Be (E, < 12 Mss, E, < 4,5 Mop). 

TIpopepxa paGoTbl cxeMbl Cc UCTO“HHKaMM u3y4eHua (Co, Sb, Po-Be, Pu-Be) 
noka3ala cilezyrouee: 


CTWABEK 


’ 


oO 
Puc. 


a) Upauununmmanpuas cxema. 6) Kapta uMilyabcop HallpsKeHHA Ha Pa3JIMYHbIX TOUKAX CXCMBIL 
pw pervictpayun HeHTpoHOB u y-nyge, A— ToKoBbii umnyapc POY, B— aunognniit 
uMnynbe, B -— aHoaHEIit umiynec, [ — kommeHcupoBaHHbie (BbIXOAHbIC) MMITYJIBCHI 
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6) 


Puc. 2 


Ocuum0rpaMMbl BbIXOQHbIX HMMYJIBCOB NIpH PervcrpaluH: a) y-kKBaHToB (Sb 124), 6) HetrpoHos 
M Y-KBaHTOoB Po-Be. JIvu Tpy6xu ocuMorpada NOACBe4HBAeTCA TONbKO Ha BEpLUIHHax MMMyJIbCOB 


1. AMnnutynHad xapaKTepucTuKa BbIXOAHbIX MMMYJIbCOB HMeeT JIMHeCHHEI Bu WO 
Hayalla orpannuienva TOKa POY npoctpaHcrBeHHbIM 3apAyoM. XapakrepucruKka 
nMpoBepsaacb NO cxeme, IpHBeaeHHON Ha puc. 3 [3]. Ha ee BxogbI NOAABaMch AMHODHEI 
(OTKNOHeHHe TO OcH X) MW BbIXODHOKM (OTKMOHeHHe 10 OcH Y) UMMyABCbI CO CXeMBI, 
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puc. | a). Perucrpnposamcp HeliTpoubl uw y-ly4H OT Po-Be ucTounuKka. O6ycnoBMeHHEIe 
HeliTpoHaMH CBeTALIMecA TOUKH OOpa3yFOT Ha DKpaHe TpyOKuH MHUIO (cM. puc. 4a)), 
TIOCTOAHCTBO HaKJIOHa KOTOPOM CBMAeTebCTByeT O Hamu JMHeiHO 3aBHCHMOCTH 
M@KAy aMIUIMTy aM BbIXOJHBIX HM JMHOHEIX MMIybCcoB. IIpu onmHakosoit aMIVIMTy He 
AHOZHBIX MMIyIbCOB aMIJIMTyqa JMHODHBIX HMUyIbcoB ~ B 2 pa3sa SOonbile ANA 
HeHTPOHOB, 4eM Jit Y-y4eli (cM. dororpaduto Ha puc. 4 6). Sta dororpadusa nonyyena 
pH momaye Ha cxeMy, puc.3, THHOTHIX HW 3alOMHeHHbIX AHOZHEIX WMIYIIbCOB CO 
cxeMBbI, puc. | a)). Tlosromy 8 cilyyae DpaBHJIbHOK KOMMeHCalMH BLIXOAHO WU AHOTHbIM 


MMILyJIbCbI, O6yCNOBJICHHbIe HeiTpOHAMH, Mero 
Pa36poc Toyek MNHHMM HelTPOHOB BbI3bIBAeT 
AMIMIMTyIbI AHOAHBIX MMIyIIbCOB (THHOHBIe Ul 


IIpHONH3UTeENIbHO PaBHble AMIVIMTY Db. 
A TWABHbIM oOOpa30m dJlykTyalMamMu 
MMYJIbCbI PAYKTYHPy!OT OTHOCRTEJIbHO 


cna6ee, T.K. HX AMUNMMTya onpelelserca BHaYMTeIbHO GONbIIMM KOJMYeECTBOM 
3IeKTPOHOB MMIlyiibca ToKa MOY). Ecmm yaosierBoputTbca 3THM pa36Opocom, TO 
BbIXOZHbIC MMIMYyJIbChI MOLyT MCHONb30BaTbCA JIA AMIMIMTYOMOrO aHasmu3a. 


Youn. H 


SANOMME 
1370 4A 


Puc. 3 
Cxema JIA W3MepeHHA OTHOWeHHA AMMIMTYA ABYX MMMYJIbCoB 


2. 3anomMuHaronlMii WHO B Uemuw aHOga PDY |npakTuyecku He MponyckaeT MMMyJIbCbI 
HanpsxKeHHA Maso Bemmunubl. Ilosromy upu |perucrpauuu y-syyeli Mano sHepruu 
HWHODHBIe MMMyJIbChI IlOCTyNaroT Ha BbIXO CKe€MbI He KOMMeHCupysch. AMIMJIMTyZa 
3THX MMIyJIbCOB He TpesbimaeT ~ 0,1 B (Umin), TOrWa Kak CurHaNbI, OOycNOBIeHHEIe 
HeliTpoHaMuw, MOTyT WMeTb BerMuMHY DO 5B (Umax-BePXHAA TpaHuua MMHeMHOTO 


yyacTka aMIIMTyHHou xapakTepuctTuKn). pu 
oTHOmeHHe Umax/Umin OmpeelseT quana30H 


aHHOM HalippKenun nuTaHuq OOY 
SHeEprHli HelTpOHOB, perMcTpHpyeMbIx 


6e3 y-doua. Ecrm npu paSote c Po-Be ucTouHHKOM M3NyueHHA HanpsxKenue TMMTAaHHA 


@OY ycTaHOBNeHO Tak, 4YTO MaKCHMaJIbHad 
12 Mos HeiiTpoHoB paBHa 5 B, TO Enin HeliTpo 
Halpsxenuu mutTaHua (1450 B), paBHo ~ 250 
mutanua @OY. Tlostomy MHHUMaJIbHy!O 9Hepr 
TOHWKATb, YBeCIMYHBAX 3TO HampaxKeHHe. O 
NMTaHHaA yBeJIMYMBaeTCA KOJIMYECTBO LWIYMO! 


MMCfOoT MaJiy¥}o AJIMTCJIBHOCTb KM TNOSTOMY H 


MIUJIHTy1a BbIXOWHbIX HMIyIbCOB OT 
OB, OTZCIACMBIX OT \-(POHa IPH TOM 
3B. Umin H€ 3aBUCHT OT HallpsxKeHusa 
¥O PerHCTpHpyeMbIx HeiiTPOHOB MO2KHO 
Hako Hp MOBbIWeHHH HallpskeHHA 


sas wMnynbcos. Llymospie MMMysIbChi 


©XKHO KOMIICHCHPyFOTCH, HO HpH Hx 


HaJIO*KeHMAK He BbIXOZe CX€MbI MOTyT NOABHATLCA MMIMIYIbCbI TOM %*e MOMAPHOCTH, 
4TO HM OT HeHTPOHOB (0 HapyHIeHHM KOMMeHCalluu NP HasIO%KeHHAX MMITy.1)>COB CM. m1. 4). 
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6) 


Puc. 4 


Vimnynecet of Helirponos u y-yyeli Po-Be ucrouHnka, nOyyeHHbIe Np Womaye Ha BXOLBI 

CX€MBI, PHC. 3, HMIYJIBCOB OT CXeEMBI, pic. 1a): a) AWHOMHOTO (OTKNIOHeHHe 00 ocH X) u 

BEIXOgHOrO (ocb Y) umityibcos; 6) qHHOgHOrO (och Y) 4 3aNO0MHeHHOrO aHogHOoro (ocb X) 
wmuyscos. Ha scex botTorpaduax BepxHuve MHMM OOyCHOBIJICHEI perucTpalMeit HeHTpOHOB 


Tipu mposepke cxeMbI Ha MOHOSHepreTMyeckuX HeTpoHax, DomyYaBluxca Ip GomGap- 
WupoBKe TPHTHA MpOTOHaMH, YCKOPeHHBIMH B BBICOKOBONBTHOM OCT, nonyyexo 
oTHeneHHe OT \-oHa HelitpoHos, 9Heprua KOTOpEIX paBHa 80 K9B (Uz, POY = 1800 B). 
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B. TOPJIOB 


DobdexTuBHocTh cyera HeiiTPOHOB pH 3TOM HeBEeNKA, T.K. BEM4AHA Nopora TMCKpUMH- 


HaTopa, HeOOXOAMMOLO AJIa OTCeUKH HEKOMHeH! 
Y-KkBaHTaMu Maslow 9HeprHv, cpaBHuMa c 
(yMeHbuleHHe 3ddexTusyoctu Tem Gonee 3H: 


PYFOWIMXCA MMIysJIBCOB. OOYCHOBJICHHBIX 
JIMYAHOH MMMYIbCOB OT HeiTpOHOB 
MHTeEIbHO, YTO AaMMIVTyYAa BbIXOZHBIX 


MMIlyIbCOB OT HeHTPOHOB 3TOM 2HEPprMu MMEeT OTHOCHTENbHO OoibuIOM craTHCTu- 


yeckHit pa36poc). 


vt 


Puc. 5 


Kapta MMiysibcoB HallpmkKeHia npH Hasomenns: 
a) TokoBEIi umiyiac OY, 6) 3anoMHeHHEI a! 


CHTHAJIOB; OOYCJIOBIEHIIbIX -KBaHTaMH; 
HbIM WMIMyIbC, B) LHHOAHbIM MMUYIIbC, 


YT) BbIXOQHOM MMIMYyJIbC 


J]na yWIMHeHHA UMIyJIBCOB B Wen aHoga MODY mpumenen ToyeyHbiii repMaHMeBblit 
nuoyx -10 c BEICOKOM CKOpOcTbIO ne pacp a Toka, PaGota cxembl lIpoBepswlacb 


Takoke Ip HCHOUb30BaHHN Aid sTOM Leu WHO 


op Tuna JIY-12. Tonyyeuusie c sTHM 


DMOTOM pesysJIbTaTbi OnM3KM K yKa3aHHbIM BbIDIe. 


3. Tipu nanagke cxeMbI Halipskenue MMTaHHA MOY yctanasnuBaetca TaKuM O6pa30M 


4TOObI perucTpupoBaTE HeiTpOHEI B HeEO6xoquM 
OKa3aTbca, YTO Y-OH COZepxKUT Y-KBaHTBI T: 
ToK @OY orpanwuuBaetca NpocTpavcTBeHHLIM 


M TMama3one 9Heprui. [pu 3TOM MOXKeT 
KHX 9HeEprHuii, Tpw KOTOPEIX aHODHbIii 
3apagoM. Tocne Hayasia orpaHHueHHa 


Toka ®OY aMMIMTyNa aHOAHBIX MMMYJIBCOB C yBeuIHYeCHHeEM 39HEPrHUU y-/1y4eli MeHAeTCA 


masio. AMIJIMTya JMHODHbIX AMMybCOB mpu 


TOM OObIMHO yMeHbuaetca. TloxTOMy 


CHIHaJIbr OT \Y-KBaHTOB BBICOKHX SHepruii MME€FOT Ha BBIXOJe CXeMbI HOPM@aJIBHY!O 


OTPHUAaTeIbHy!O MOJIAPHOCTH. 


4. IIpu nanoxenuax CHTHaNOB OT Y-JIy4eii. BO3MO%KHO NOABIIEHHe Ha BbIXOTe CXEMBI 
MOJOXKUTEILHbIX HMMYJIBCOB, T.€. HMIYJIBCOB TOM Ke NOMAPHOCTH, UTO HM OT HeMTPOHOB 
(cM. puc. 5). Uncno nanoxenuli ompetesaeTca KOMMYCCTBOM Y-KBaHTOB HM DJIMTEJIb- 
HOCTbIO ZHHOAHOTO MMITyIbca (~~ 5 MKCeK). re TipoBepka paGoTBI CXeMbI 


Ha Oonee KOpoTKHx uMiynpcax (RC uuter 


MpyrolueH Wenw AMHOAa paBHsAJIOCh 


CUMHTHIUIAIMOHHbIM CYETYMK HEMTPOHOB, MANIOYYBCTBUTEJIBHBIM K Y-IVYAM 303 


~™ 1 mKcex. CooTBeTcTByIomjMM 06pa30M yMeHbIMaslach TakoKe MOCTOAHHad BpeMeHu 
enw 3an0MuHaHMa). Gucno HaloxKeHHit Ip 3TOM yMeHblllaeTcs, HO NagaeT aMIMTyza 
BbIXOAHbIX MMIysIbCOB (yMeHbIlaerca OTHOMeHHe Emax/Emin HeMTPOHOB M yBenw4un- 
BaeTCA OTHOCHTeIbHEIN pa3s6poc aMMNIHTyA BbIXOTHBIX MMIMyJIBCOB). 


B 3axmroyenue clleqyeT OTMeTHTS, YTO, KaK NOATBepKDeEHO IpoBepKolt, KOCMMYeCKHI 
ou BO3TelicrByeT Ha CIWMHTHIVISUMOHHbIM DeTeKTOP Tak %e KaK y-M3y¥eHve UH 
ycTpaHserca pu MOMOINM 3TOK CxeMBI. 

VsroToBnenHad cxeMa mpocta, umMeeT GoNbUTyIO BeJIMYMHY BBIXOWHEIX CHTHANOB Hu 
WX JIMHeMHYIO AMIUIMTyWHy!o XapakTepuctTuKy. CxeMa W3rOTOBIeHa JIA HCHONb30BaHHA 
B HeiTPOHHbIX H3MepeHuAX, NPOBOAALIMXCA Ha BEICOKOBONBTHBIX 3IEKTPOCTaTMyecKHX 
TeHepaTopax B ma6oparopunu B. M. ToxG6epra. 


Asropsr 6narogapat II. E. Boporuuxosa, ammapatypa KoToporo In M3MepeHHa 


OTHOWCHHA AMIMVIMTY DBYX HMMYJIBCOB HCIIOJIb30BaIaCb BO BPeMA pa3spaOOTKH CXEMBI, 
u B. M. Mopo3ogna 3a o6cyxgeHHe pe3ymbTaTOB paGoTHI. 
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PULSE-FORM DISCRIMINATION IN ORGANIC 
SCINTILLATION CRYSTALS 
L. J. pE VRIES AND F. Upo 


INSTITUUT VOOR KERNPHYSISCH ONDERZOEK, AMSTERDAM 
NETHERLANDS 


Abstract — Résumé — AnnoTayia — Resumen 


Pulse-form discrimination in organic scintillation crystals. Presented is a proton-electron dis- 
crimination circuit, based on the pulse-form differences between proton and electron-induced 
scintillation light pulses in stilbene. The circuit is stable and resolves proton from electron pulses 
down to a proton energy of 300 keV. 

The discrimination circuit, which contains only linear elements, is sensitive to pile-up-induced 
errors for only 0.1 us after the arrival of a pulse. The described circuit has now been used in a 
1—30 MeV neutron spectrometer based on proton-recoil between two silbene crystals. A re- 
solution of 10% at 14 MeV neutron energy was obtained with a detection efficiency of 1.3 x 10-4. 
A neutron monitor, also based on linear pulse-form discrimination, could be used to measure a 
neutron dose of 10% of the maximum permissible dose in the presence of a gamma flux of 4 
times the maximum permissible dose. 


Discrimination d’aprés la forme de l’impulsion dans les cristaux organiques de scintillation. 
Le mémoire décrit un circuit de discrimination proton/électron dont le principe Tepose sur les 
différences de forme entre les impulsions lumineuses dans du stilbéne, produites par des protons, 
d’une part, et des électrons, d’autre part. Le circuit est stable et permet de séparer les impulsions 
protoniques des impulsions électroniques, a partir d’une énergie protonique de 300 keV. 

Ce circuit, qui ne contient que des éléments linéaires, n’est sujet 4 des erreurs dues a l’accu- 
mulation que pendant 0,1 us aprés l’arrivée de Pimpulsion. Il a été utilisé dans un spectrométre 
neutronique de 1—30 MeV, fondé sur le recul des protons entre deux cristaux de stilbéne. On 
a obtenu une résolution de 10% pour une énergie neutronique de 14 MeV, avec une efficacité de 
détection de 1,3-10-4. Un détecteur de neutrons procédant également par discrimination d’aprés 
la forme des impulsions, pourrait servir 4 mesurer une dose de neutrons représentant 10% de la 
dose maximum admissible, en présence d’un flux gamma correspondant a une dose quatre fois 
supérieure 4 la dose maximum admissible. 


7lackpHMunayya (OpMbI HMIY.ILCOB B OpraHH4ecKHX CUMATHJLISHOHHBIX KpHcTasiax. OnMCEI- 
BacTCA KOHTYP JMCKPHMMHaWMM MPOTOHOB-3IeEKTPOHOB, OCHOBaHHEIM Ha pa3Hule opMbI 
CLUMHTHILIALHOHHBIX CBETOBBIX HMIIYJIbCOB, HAaBC]CHHBIX B CTHJIBGeHe COOTBETCTBEHHO IPOTOHaMH 
M QeKTpoHaMu. OTOT KOHTYp YCTOMuMB HM OTMMYaeT MMMYNECHI MPOTOHOB OT HMITYJIECOB 
SIICKTPOHOB Nake PH DakeHuu 9Hepruu UpoTOHOB yO 300 x3B. 

AluckpHMuBMpyioumM KOHTYp, COCTOsLMi UCKMIOWTeEIBHO M3 JHHeMHBIX 9iemMeHTOB, 
HYBCTBHTeeH K OOpa3vIOWIMMCA 3-3a HaKOMWJIeHHA OWMOKaM TOKO B TeyYeHHe 0,1 MuKpO- 
CeKYHABbI NOCie NOCTYIMIeHuA MMMyJIbCa. OnncbiBaeMbIi KOHTyp 6511 HCHONb30BaH B CHeKTpO- 
MeTpe Jin HeliTpoHoB c 3HepruaMH 1—-30 M9B, OCHOBaHHOM Ha OTZa¥e MPOTOHOB MexKIY 
OBYMA KpucTannamu cTumb6ena. [pu sHeprum HelitpoHos B 14 m9B G6pI0 HOvYeHO ux 
Pa3pemienHe C TOYHOCTbIO FO 10%, upu sddextTuBHocTu wetexTuposanua B 1,3 x 10-4. [na 
VW3MepeHHA AO3bI HeliTpoHoB, He Upesbumaromleh 10% mMaxcumanbuol onycTHMOl DO3bI H 
Op HasIM4HH NOTOKa TraMMa-sy4eH, npeBbimaromero B 4 pa3a M@KCHM@JIbRYIO NOMYCTHMYIO 
403y, Obi UCNONb3OBaH KOHTPOJILHO-H3MepHTeNIbHbIM NOZHMETPH4eCKHH CUeTYMK, TakxKe OCHO- 
BaHHbI Ha MHeiHOW JHCKpHMBHalM POpMbI MMITyJIBCOB. 


Discriminaci6n de la forma de los impulsos en los cristales de compuestos organicos para con- 
tadores de centelleo. Los autores presentan un circuito de discriminacién protén-electrén basado 
en las diferencias de forma entre los impulsos de centelleo luminosos producidos por los protones 
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y por los electrones, respectivamente, en los cristales de estilbeno. El circuito es estable y es 
capaz de distinguir los impulsos de protones de los ¢lectrones hasta con energias de protones de 
solamente 300 keV. 

El circuito discriminador, compuesto Gnicamente| de elementos lineales, es sensible a errores 
inducidos por apilonamiento durante 0,1 us solamente, a partir de la llegada de un impulso. 
El circuito descrito se aplicé en un espectrémetro para neutrones de I a 30 MeV, basado en el 
retroceso de protones entre dos cristales de estilbeno. Se alcanzé un poder de resolucién de 10 


por ciento, para una energia neutrénica de 14 MeV, 
Se podria usar un monitor neutrénico basado tambi 


ion un rendimiento de deteccion de 1,3 + 10-4. 
nen un sistema de discriminacién lineal de 


la forma de los impulsos para medir una dosis neutronica igual al 10% de la dosis maxima 


admisible, en presencia de un flujo y cuatro veces 


Imayor que la dosis maxima admisible. 


I. Introduction 


The ratio of the intensities of the slow and the fast components of the scintillations 
produced by protons in organic scintillating materials is different from the intensity 
ratio of such components of the light pulses guage by electrons. Brooks [1] proposed 
that this effect may be used to discriminate in one scintillator between proton and 
electron pulses. 

Brooks produced two pulses from one scintillation: 


(a) A pulse of which the height is proportional to the intensity of the fast component; 

and 

(b) A pulse of which the height is proportional to the sum of fast and slow components. 

After stretching the short pulse to make it last as long as the slow pulse he compared 
the pulse-heights. Two drawbacks are inherent in this method: 


(1) Pile up effects give rise to serious unbalancing of the circuit; 

(2) Non-linear effects introduced by the cone diode limit the range of pulse- 
heights that can be handled accurately. 

The circuit described here is based on the same principle as the circuit of Brooks but 

by using another stretching principle it was possible to reduce the gamma-sensitivity 

to a fraction of those of previously published |circuits. 


II. Operation of the circuit 


Fig. 1 shows a block layout of the discrimination circuit. The detector consists of 
a disc of stilbene crystal (1 cm thick by 3.75 ¢m diam.) attached to a Dumont 6292 
photo-multiplier. The slow and the fast pulse for the discrimination circuit are taken 
from the last two dynodes A and B. The anode i connected to a fast coincidence circuit 
for the application of the instrument as a spectrometer. The fast pulse will be stretched 
in a linear way by the network composed of|the inductor L and capacitor C,. The 
voltage across C, is a damped oscillation with a frequency of about 10 MHz. The 
ringing circuit can be adjusted in order to get an envelope of the signal, which is equal 
to the proton pulse-shape at A. ; 

After adding the slow pulse A to the damped|oscillation in the adding circuit (U, P in 
Fig. 1), we obtain an oscillation of which the minima will be negative for an electron 
pulse (Figs. 2 and 3). Fig. 4 shows a cathode-ray oscilloscope (CRO) picture of proton 
and electron pulses of equal peak-height amplitudes selected by a single-channel pulse- 
height analyser (PHA). In agreement with theory the minima of both pulses show an 
extremum at about 0.5 us. 
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77 STILBENE CF = CATHODE FOLLOWER 


D = DISCRIMINATOR 


OUMONT 6292 


Fig. 1 
Block layout of the discrimination circuit, showing wave forms at various points in the circuit 


Fig. 2 Fig. 3 
Idealized proton pulse after the adding Idealized electron pulse after the adding 
circuit circuit 


The sum pulse is fed into a simple diode detector (diode OA73 or OA85 in series 
with capacitor C,). At the negative peaks of an electron pulse, the capacitor charges 
up to almost the peak of the applied voltage. It is not essential that the forward resistance 
is constant. Since the back resistance of a real diode is not infinite, the positive proton 
pulse will give a small positive output signal. Fig. 5 shows the pulse on C, smoothed 
by a low-pass circuit (RC = 0.1 us), which is not indicated in Fig. 1. This filter prevents 
the 10-MHz ripple-voltage, developed across C,, from reaching the discriminator D 
and it also suppresses the small positive beginning of an electron pulse. This small 
positive peak is caused by the first uncompensated oscillation. 

The 100-kQ resistor (M,) was connected parallel to the diode, because the temperature 
dependence of the backward resistance of the crystal diode is too high to get a good 
Stability against temperature fluctuations. 


For very small electron pulses the forward current of the diode is too small to cancel 
the current through this 100-kQ resistor. A small positive pulse remains which reaches 
its largest amplitude for about 0.5-MeV gammas. These pulses can be eliminated by 
the discriminator D in Fig. 1, which accepts only positive pulses above a certain level. 

Fig. 6 shows the output-pulse of the detector, when the stilbene crystal is irradiated 
by a Po Be neutron source. The CRO (a Tectronix 545) is triggered by the pulses from 
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Fig. 4 
Oscillograph pictures of proton and electron pulses, 
The CRO is triggered by a single-channel pulse-height 


6-MeV protons and 2-MeV electrons. Sweep speed 


immediately before the diode stretcher. 
analyser which passes pulses from about 
0.4 us/em. Vertical sensitivity 0.25 V/cm. 


The horizontal axis is indicated by an arrow 


pH 


1 


Fig. 5 
Idealized proton and electron pulse on C2 


= 


2 ys 


, smoothed by a low-pass filter 


about 6-MeV protons and 2-MeV electrons Seat total pulse heights). Fig. 7 illustrates 


the above-mentioned maximum in the electron-j 


ndication pulses. 


Figs. 8, 9 and 10 show the separation between proton and electron pulses for three 
cases. These pictures are obtained with a “twinkle box” described by Brooxs [2] and 
Owen [3] [4]. In this arrangement spots appear on a CRT screen. The horizontal 
displacement of a spot is proportional to the peak-amplitude of the scintillation pulse A. 
The vertical displacement is proportional to the peak-amplitude of the indication- 


pulse on capacitor C,. The spots lie along two 


distinct Joci. Due to the fact that the 


pulse-stretcher built in the display unit accepts positive pulse only, all pictures had 


to be composed of two parts, the upper half for 
inverted negative pulses. The pictures show tha 


positive pulses and the lower half for 
t it is possible to distinguish between 


a pulse height, which corresponds to 0.5-MeV proton-recoil-energy and electron pulses. 
This low-energy cut-off can be lowered at the cost of a higher sensitivity for electrons 


with energy above 2 MeV. 


PULSE-FORM DISCRIMINATION 309 


Fig. 6 
Oscillograph picture of proton and electron pulses after diode and amplifier, in the case 
described in Fig. 4. Sweep speed 1 ps/cm. One of the pulses shows pile-up of a proton and 
electron pulse 


Fig. 7 
Oscillograph picture of all gamma-pulses from a Y88 source after diode and amplifier; sweep 
speed 1 us/cm 
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Fig. 8 


Fig. 9 
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Figs. 8, 9 and 10 
Peak height of the discrimination pulse as a function of recoil-proton or Compton-electron 
energy. The upper points represent the proton pulses. Sources were placed on the side of the 
crystal in order to get the maximum electron range of 3.75 cm in the crystal 


The discriminator-setting proved to be independent of the angle of incidence of the 
primary particle, although the peak amplitude, e.g. of 14-MeV neutrons, shows a small 
variation [5]. The discriminator-setting is also independent of the variation of the 
multiplier voltage between 1200 and 1500 V. 


Til. Pile-up effects 


The gamma-radiation, which always accompanies neutrons, can produce serious 
errors in neutron counting. As mentioned before, the Brooks circuit is sensitive to 
gamma pile-up, resulting in false indication pulses. These are caused by the fact that 
the pulses A and B are not the same length. A second pulse, arriving at A, when a previous 
pulse is still present, will add on its “‘tail’’, since the photo-multiplier acts like a current 
source. 


In channel B addition of the pulses takes place as long as the fast pulse lasts; when 
the second pulse arrives later the higher one is selected by the diode stretcher. Therefore, 
a second pulse will always give a false indication pulse during the time that the amplitude 
of the first pulse is still above a certain level. This level depends on the pulse-heights 
of both pulses. 

In the circuit presented here, however, pile-up can only occur during a fraction of 
the pulse-length. In channel A the second pulse always adds on the tail of the previous 
one. In channel B an interference takes place between the damped harmonic motions 
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of the successive pulses. This can be constructive interference that will not destroy 
the balancing. Destructive interference however may lead to a false indication pulse, 
but only during the first two or three oscillations because if the second electron pulse 
arrives still later, the diode circuit has become |insensitive. If t is the mean time during 
which a destructive interference can take place, N; the total number of gamma-pulses 
and N, the number of spurious counts, then 


N, = 21N? () 
Fig. 11 shows the ratio N,/M; as a function of gamma-ray intensity for three gamma- 
ray sources (Co, Y88, Cs!37), A straight line is obtained. This is in agreement with 
formula (1). From the slope of the line we deduce t = 0.1 us. No other qualitative 
data are available for other circuits; however,| from a preliminary result of OWEN [4] 
we estimate the resolving time for his circuit to be 9 us. 

The inset of Fig. 11 shows the result of a similar measurement for a n-source.* The 
ratio between the number of neutron-indication pulses and the total number of 
scintillations is practically independent of the |neutron flux as is to be expected. The 

. relative number of proton pulses was about 30'% of the total number of counts in the 
crystal. 
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Gamma-discrimination ratio as a function of See by making use of different 
sources at various distances. N, is the total number of spurious pulses above the threshold 7; = 0. 
N, is the total number of pulses above the same threshold. 

The inset shows the number of indication pulses aon by the total number of pulses for 
a Po-Be source at various distances between source and counter 


* 1c Po Be Amersham delivered Jan. 1960, measurement Sep. 1960. 
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DISCUSSION 


V. G. Brovchenko (USSR): I have a question of Professor Gatti. Fig. 2 in your paper 
shows two pulse curves. Is this Figure the result of an experiment you have carried out? 


E, Gatti (Italy): Yes. It is the result of graphically differentiating the current pulse 
as integrated on a pure capacitor. Because of single photoelectrons at the end of the 
pulse, it is very difficult to look at the actual wave shape, so I preferred to integrate the 
current on the capacitor, average graphically, and afterwards obtain a derivative 
graphically. 

K. Kandiah (United Kingdom): I would like to ask Professor Gatti a further question 
about this business of observing the wave form. If one integrates the wave form, and then 
amplifies and differentiates, one presumably requires the same wide-band, fast-amplifier 
characteristics to preserve the wave shape as would be required for straight amplification 
of the original current wave form. Is this not so? 


E. Gatti: I agree with Dr. Kandiah as far as the first part of the pulse is concerned. 
This probably is best seen directly as a current pulse with a wide-band amplifier. But 
for looking at the tails of the pulse, I think one has to use the method I have resorted to. 


F. de Martini (Italy): I would like to ask Dr. Udo and Dr. Cambou whether they can 
give more specific information regarding the minimum discrimination energy (as between 
gamma rays and neutrons) that they get with their methods. 


F. Udo (Netherlands): As I mentioned in the paper, the minimum proton energy that 
can be separated from gammas is 300 keV, so it is probably about 75 or 80 keV. In order 
to go so low, you have to go to a somewhat higher gamma sensitivity than I mentioned 
in this paper. We achieved a gamma sensitivity of about 0.1 to 0.2 us for discrimination 
above a level of 800-keV proton pulses. In the case of a 300-keV threshold, this time 
will increase to about 0.6 us. 

F. Cambou (France): In the work we did on neutron-gamma discrimination two 
aspects of the problem must be taken into consideration. First of all, when we work 
with an organic scintillator it is extremely difficult to know what is the gamma background 
of a neutron curve produced by an accelerator, because for a 3-MeV curve we do not 
know the gamma background—we cannot have a pure neutron radiation, so we cannot 
state what is the energy of the gamma radiation. On the other hand, in the work we 
carried out with a mineral crystal, we investigated elastic scattering up to a neutron 
energy of 1600 keV. In the work we did it seemed that we could not expect to discrim- 
inate between gamma radiation at a few hundred kilo-electron-volts, and neutron 
radiation, which is never completely pure. 


E. Gatti: I think, generally speaking, that if a decision is made regarding the kind of 
particle before the whole pulse has elapsed, then one loses something in discrimination 
power. Of course, for very high repetition rates or high backgrounds, one has to use 
shorter decision times as Dr. Udo did. The situation is similar with regard to background 
due to thermoelectric electrons from the photocathode; in fact if this background is 
taken into account the ideal weight function is always contracted in time and indicates 
that the information of the whole pulse should not be taken. 


J. B. Birks (United Kingdom): Has Professor Gatti compared the shapes of the 
pulses from anthracene, stilbene, liquid scintillators and the new plastic scintillator 
NE 150? Does this theory indicate a figure of merit for a scintillator for pulse-shape 
discrimination ? 
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The intensity of the slow component is app 
independent of the nature of the particle, wh 
determined by the equation. 


A 


dS/dx = —~+ 


1+ 


This suggests that, other things being equal, 
i.e. liquid scintillators, or stilbene, should be 


E. Gatti: I have not yet made a systematic 


DISCUSS, 


ION 


oximately proportional to the energy and 
le the intensity of the fast component is 


dE/dx 
B dE/dx 


scintillators with the fastest initial decay, 
best for pulse-shape discrimination. 


comparison of scintillators, though I am 


planning to do so; I just used anthracene for testing the theory. The paper gives a formula 


for obtaining a figure of merit for a scintillat 
particles. This formula holds if Poisson statist 


r for discriminating between two definite 
ics are valid for photoelectrons emitted in 


every portion of the wave form. If, for instance, there are fluctuations due to physical 
processes and these Poisson statistics are no more applicable, my formula breaks down 


completely. 


E. Mathieson (United States of America): os 


concerning the discriminating ability for elec 
(b) Can actual figures be given for the rejection 


Have any of the authors any information 
ron energies in excess of, say, 10 MeV? 
ratio at, say, 1 MeV (well above the lower 


energy limit of discrimination) and at a particular counting rate, say 100 counts per 
second, so that one can appraise the merits ihe various methods? (c) In their paper 


Dr. de Vries and Dr. Udo quote a neutron det 


tion efficiency at 14 MeV as 1.3 x 10-4. 


I have not actually done the calculation, ca seems to me that this is 10 or even 100 


times less than the number of interactions 
if so, why are so many neutrons lost? 


F. Udo (Netherlands): In answer to the thi 
this paper relates to a neutron telescope con 
discrimination circuit. J am sorry there is no 


urring in their crystal. Is this a fact, and 


ird question, the efficiency mentioned in 
ructed with the help of this pulse-shape 


ti 
hariee description in the paper; this low 


efficiency comes from the recoil efficiency between two crystals, as this telescope employs 
two stilbene crystals with a vacuum between them, in other words a recoil spectro- 


meter. All the recoil protons that do not go 
and we obtain a single line of 14-MeV neu 
total spectrum you obtain in the case of a si 


in the right direction are therefore lost, 


he This is, in effect, differentiating the 


gle-crystal spectrometer. Of course, with 


a single crystal the efficiency is much higher—in fact it is in good agreement with the 
calculated number of n,p collisions in the crystal. 


E. Gatti: Figure 8 of the paper I presented i 
and the rejection ratio in the same figure is s 


ind a counting rate of about 10000 pulses/s 


me 10% of wrong counts at about 90 kV 


both for alpha and gamma particles—for the case in which q-leakage in the y channel 
is balanced and vice versa. Of course, one can have much smaller leakage of y-rays in 


the q-channel with a different balance of the 


circuit. 


F. Udo: If the counting rate is 10000 ee the formula I referred to gives, with a 


time resolution of about 10-7 s, a rejection ra 


io of 20 in 104, that is 2 per 1000. 
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Abstract — Résumé — Asnotauaa — Resumen 


The use of pulse transformers with radiation detectors. It is frequently necessary to site the 
radiation detector and its associated indication instrument at some distance from each other and 
this involves the transmitting of pulse signals through long lengths of cable. The use of pulse 
transformers is one solution to this problem and the characteristics of various pulse-transformer 
detector systems for proportional counters and fission chambers are discussed in detail, together 
with their operating characteristics. 


Utilisation des transformateurs d’impulsions avec les détecteurs de rayonnements. II est fréquem- 
ment nécessaire de placer le détecteur de rayonnements a une certaine distance de ’instrument 
de mesure qui lui est associé; cela implique la transmission de signaux d’impulsions le long de 
grandes longueurs de cable. L’utilisation de transformateurs d’impulsions offre une solution 4 ce 
probléme. Le mémoire décrit les caractéristiques de plusieurs systtmes de détecteurs 4 transfor- 
mateurs d’impulsions, pour compteurs proportionnels et chambres a fission, ainsi que leurs 
caractéristiques de fonctionnement. 


Vicho.1630BanHe HMITYIbCHLIX TpanctbopMaTopos c JeTeKTOpaMHn H31yaenHa. UacTo BOsHUKaeT 
HeOOXOAMMOCTE yCTaHOBHTb pasHallHOHHbIii DeTeKTOp HW CBA3aHHbIi C HAM UpHOop onpexeneHuA 
Oka3aHHuii Ha HEKOTOPOM pacCTOAHMH APYT OT Upyra, TO BileYyeT 3a cOGOK Nepezaty HMITyIECHBIX 
CHTHaJIOB 10 JIHHHOMY KaGerio. Mcnonb30BnaHve HMUVIbCHBIX TpaHciopMaTopoB sABIIAeTCA 
O2HHM 3 pelleHHit sTOK mpoOsemEr. 

B goxnaye OfHOBpeMeHHO Cc OllepaTHBHbIMH XapakTepHCTuKaMH NOApoOHO paccMaTpHBarotca 
XapaKTePUCTHKM Pa3JIMYHBIX JETEKTOPHBIX CHCTEM C HMIIYJIbCHLIM TpanCPOpMaTOPOM, KOTOpBIe 
UpedqHa3HayeHbl AJId UPONOPUMOHAasIbHbIX CYCTYMKOB WH KaMep esIeHHA, 


Empleo de transformadores de impulsos en los detectores de radiaciones. Con frecuencia es 
necesario colocar el detector de radiaciones a cierta distancia de sus instrumentos indicadores 
auxiliares, lo que obliga a transmitir sefiales de impulso a través de cables de gran longitud. El 
empleo de transformadores de impulsos permite resolver este problema. Los autores examinan 
detenidamente los detalles de varios sistemas de detectores que emplean transformadores de 
impulsos para contadores proporcionales y camaras de fisi6n junto con sus caracteristicas de 
funcionamiento. 


I. Introduction 


The coupling of radiation detectors to the associated counting equipment presents 
the problem of matching the impedances of the two component parts of the system to 
provide the optimum counting performance. Pulse transformers offer an attractive 
solution to this problem [1—3] for a number of applications and this paper discusses 
the requirements of the pulse transformer system for a number of detectors. 


II. Characteristics of the detector signal 


The detector signal is derived from a quantity of charge collected at the electrodes 
and the detector can be regarded as a constant current generator of infinite impedance. 
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The current supplied is practically independent of the load resistance and the duration 
of the current pulse depends only upon the collection time of the detector. 
For gas-filled detectors operated without gas multiplication (pulse ionization chambers) 


the magnitude of the current pulse depends 
the detector. With a detector employing ga 


nly upon the energy dissipated within 
multiplication (proportional counters) 


the magnitude of the current pulse can be increased, but the value of gas multiplication 


which can be employed is limited by such fact 
In the case of the gas-filled detectors, to a firs 


$ as stability and the life of the detector. 
approximation the current pulse can be 


considered as a step function of constant amplitude with a duration equal to the collection 


time of the detector. 


In the case of a scintillation counter the eh 


of exponential form due to the time constant o: 


rrent pulse from the photomultiplier is 
the decay of the excitation of the crystal. 


The time constant for sodium iodide Nal (TI) is approximately 0.25 us. The charge 


per pulse depends upon the energy dissipated 
photomultiplier. 

To achieve good stability in the photomul 
average anode current does not exceed 0.1 vA. 
per second this limits the average charge per 


in the crystal and upon the gain of the 


iplier it is necessary to ensure that the 
ssuming a counting rate of 100000 pulses 
pulse to 10-12 C, 


These considerations show that in all cases the charge per pulse supplied by the 


detector is defined within relatively close limi 


ts. Table I shows the values of various 


types of detector. It also gives the magnitude of the voltage pulse obtained by passing 


the current pulse through a resistance of 100 Q, 
the charge on the capacitance of the detecto 


as well as the voltage obtained by storing 
tself to which has been added a further 


r 
capacitance of 3 pF in order to take into ee the input capacitance of the amplifier. 


TABLE 


I 


DETECTOR SIGNAL CHARACTERISTICS 


: Equivalent Pulse Pulse 
Pul: Ch C t : : 
Detretor tyme: || aise’ | “perpue: || jG.” || ReseratOr | seepltnde ) amplice. 
Fission chamber + : | 
FC165 5 x10-2 | 1.6 x10-14 110 0.3 30 150 
Fission chamber 
FC35 i 5xX102 | 1.6 «10-14 37 0.3 30 400 
BF3 proportional 
counter 12EB40 1.0 5.7 x 10-14 3.7 0.05 5 8.5 
Geiger counter | 
MGI10H 5.0 |8 x109 2.7. | 1.6103 | 160 x 103 | 
Scintillation | 
counter Nal (TI) 0.25 10-12 20 0.4 40 43 x 103 
+ VMP 11/44 Time i 
constant 
us Cc uF pA uv uv 


Ill. The coupling of the detector to the amplifier 


The basic consideration in coupling the detector to the counting system is to maintain 


a signal-to-noise ratio at the input to the a 


mplifier which permits adequate pulse 
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discrimination. The amplifier input impedance, the input noise level and the bandwidth 
are the important parameters in this connection. 

If the signal from the detector at the input to the amplifier is comparable with the 
noise level then true amplitude discrimination is impossible because the superimposing 
of the noise and signal pulses produces large amplitude fluctuations. 

A typical amplifier input noise level is 10 »V and from Table I it is obvious that 
an input impedance of 100 is insufficient to produce a useful signal-to-noise ratio 
at the amplifier input. The considerations regarding the optimum value of input impedance 
are well known and they establish that the time constant formed by the input resistance 
and capacitance must be of the same order of magnitude as the pulse rise-time. The 
signal-pulse amplitude at the input to the amplifier will be closer to the value quoted 
in the last column of Table I under the optimum input impedance conditions. 

When a long distance separates the detector and the amplifier it is common practice 
to divide the amplifier into two parts—a preamplifier and an amplifier—linked together 
by a cable used as a transmission line. This approach presents serious problems in 
conditions requiring small physical size, high temperatures, and high radiation 
intensities, since the preamplifier must be located close to the detector. Consideration 
must, therefore, be given to alternative techniques such as pulse transformers to solve 
the problem. 


IV. The use of matching transformers 


In a well-designed coaxial cable the speed of transmission of the signal is independent 
of the frequency and the characteristic impedance is a pure resistance. Coaxial cables 
with a characteristic impedance of 100 are considered in the following discussion. 

A pulse transformer is required at each end of the cable to match the cable to the 
impedance of the detector or the amplifier. In considering the factors involved in 
determining the parameters of the pulse transformer this analysis assumes the cable is 
correctly matched into the amplifier. Fig. 1 shows the equivalent circuit at the terminals 
of the detector. 

The current i represents the amplitude of the current pulse (step function) from the 
detector. 


Then the instantaneous current through the resistance R 


—t 


iR=i\1—eRC)- (1) 
Where C = Input capacity 
R = Load resistance 
t = Time 
W = Instantaneous power transmitted into the cable, 
W = ir*R 
=h\2 
i241—eRC}) R (2) 


The current i has a duration t’ equal to the collection time of the detector. 
It should be noted that the instantaneous power transmitted into the cable is zero at 
the end of the detector collection time. Knowing t’ it is therefore possible to determine 
the value of R for the maximum value of W. 

The bandwidth of the amplifier however imposes a limit on the useful power derived 
from the cable. If we consider the whole detector-amplifier system the effect of the 
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Fig. 1 
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GROSSART 


Equivalent circuit of detector 
C = input capacity, R = load resistance, t = charge collection time, 7 = amplifier time constant, 
W = instantaneous power transmitted to the cable 


amplifier time constant 7 must be considered. 
expressed in the form: 


fe) 


Let the pulse current amplitude i be 


(3) 
‘T = amplifier time constant 
Ig = Current at ¢t =0 
Using this hypothesis equation (1) becomes: 
1 = = 
ir=y [1 — pte (7-2) | (4) 
The instantaneous power will be given by: 
12 1 = =\/’ 
W = Rig = 12 [: meg Te (727 rcex) | R (5) 


A study of the values of R so that W is a maximum shows that RC must always be 
nearly equal to the largest of the two time constants T or f. 

In practice the amplifier is operated with T= 1’ = RC to achieve the optimum 
signal-to-noise ratio. Using this information it is now possible to calculate the optimum 
values of the load resistance for the various detectors and to determine the transformer 


turns ratio (Table II). 
TABLE II 


PULSE TRANSFORMER: IMPEDANCE AND TURNS RATIO 


Detector-Cable 

Detector type Resistance R & Turns ratio 
FC165 450 2.1 
FC35 L2K 3.45 
12EB40 115K 34 
MG10H 200K. 45 
Nal(T)) 

+ VMP 11/44 10K 10 

\ 


Cable-Amplifier 
M Resistance R Q Turns ratio M 
ate 
6.25K 8 
6.25K 8 
125K 35 
30K 17 
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If the number of turns is M then the impedance ratio is M2. In Table II it is assumed 
that the transformer capacity is 5 pF. 


In the case of the Geiger-counter type MG10H the average charge per pulse is such 
that it is not necessary to have the optimum matching as calculated in Table II in order 
to arrive at a completely satisfactory power in the cable. In the case where the rise time 
of the detector is pulse variable according to the orientation of the trajectory of the 
particle in the detector, it can become necessary to increase the time constant associated 
with the detector so that the pulse amplitude is really proportional to the total generated 
charge. This adjustment is carried out at the expense of the maximum pulse amplitude. 


V. Matching of the amplifier to the transmission cable 


The pulse transformer at the amplifier is necessary to ensure the maximum power 
transmission from the cable into the amplifier. The impedance ratio is found immediately 
in the case of transistor amplifiers with low input impedance. 

Valve amplifiers are invariably designed with high input impedance and thus require 
transformers having a high impedance ratio. It is, however, the decrease in the bandwidth 
of the transformer with increasing turns-ratio which is the limiting factor. The time 
constant derived from the amplifier input capacity together with the capacity of the 
secondary winding of the transformer associated with the high impedance ratio must 
not exceed the amplifier time constant 7 or the collection time t’. 


Using values of 5 pF for the transformer capacity and 3 pF for the amplifier input 
capacity the transformer data is given in Table II. 


VI. Practical circuit arrangements 


Either of the two basic circuits shown in Fig. 2 can be used. In circuit 1 two cables 
are employed, one for the EHT, the other for the signal. The transformer insulation 


EHT 
, TL T UNIT 
PULSE 
AMPLIFIER 


CIRCUIT 
‘ EHT 
T if UNIT 
PULSE 
AMPLIFIER 
CIRCUIT 2 
Fig. 2 


Diagram showing basic circuits 1 and 2 
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is required to withstand the maximum EHT voltage and this may be difficult to achieve 
in view of the other factors in the transformer design. Circuit 2 employs a single coaxial 
cable transmitting both EHT and the signal. A condenser is required close to the detector 
in order to decouple the EHT. In low temperature applications the use of the polystyrene 
condensers is of great advantage. rusiahad| will withstand very high integrated 
radiation dose rates and this circuit is used in reactor instrumentation where the detectors 
are located close to the reactor core. The relative merits of the two circuits can be 
combined using a triaxial cable (Figs. 3 and Hs It was found necessary, in order to 
maintain a high signal-to-noise ratio, to connect the EHT supply to the central conductor 
and the signal to the inner screen. The temperature limit of this arrangement is.set 
to a maximum of 80°C by the polythene cable. 


12EB840 


Fig. 3 
Triaxial cable: detector-cable 


Fig. 4 
Triaxial cable: cable-amplifier 
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VII. Detectors 


Two types of detectors are described to illustrate some of the factors influencing 
the requirements for the pulse transformer and its associated input circuits. 


(1) PULSE IONIZATION CHAMBERS 


These chambers are operated as electron-collection ionization chambers in order 
to obtain a short response time permitting high counting rates. One example of this 
type of chamber is a fission chamber for neutron detection (Fig. 5). The fissile material, 
usually in the form of uranium oxide U,Og, is coated on to the negative electrode of 
the ionization chamber. The sensitivity of this type of detector is small compared with 
detectors such as BF, proportional counters, but the charge per pulse is considerably 
larger due to the large energy release per fission event. The sensitivity is directly pro- 
portional to the number of fissile atoms and thus to the coated area, and in order to 
achieve the high sensitivity necessary for the measurement of low flux levels, it is necessary 
to provide large coated areas in the chamber. Where space sets a serious limitation 
the coated area can be increased by a design such as the FC165 forming the chamber 
of concentric cylinders. 


S 


NE 


QS ETN 


Fig. 5 
20th century type FC165 


Although achieving high sensitivity a serious defect of this design is to increase the 
counter capacity. The maximum voltage pulse induced at the anode of the chamber: 


ya 2 
C(d) 
Where Q = Charge per pulse 
C = Total capacitance at the anode 
I = Mean distance travelled by electron 
d = Electrode spacing. 


Any increase in the chamber capacity reduces the maximum possible capacity of 
any input circuits associated with the detector. Under normal operating conditions 
the maximum total input capacity C is about 400 pF. The capacity of the FC165 is 
110 pF. In the instrumentation of research reactors the detector must be placed close 
to the core which is far from the indicating instrument. 

This integral bias curve of the FC165 directly coupled to of a head amplifier is 
given in Fig. 6. 
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T 


ISSION 
_FRAGMENTS 


COUNT RATE COUNTS /s 


a2 a4 


Fig. 6 


Discriminator bias curve fe 
ion pairs (= 28-eV parti 


The curve is formed of two components: 
(1) Due to a particle emitted from the fissile 


0.6 08 10 


r fission chamber 
le energy) x 106 


material; 


(2) Due to ionization pulses from fission castes 


It is important in the use of pulse transfo: 


ers in conjunction with such detectors 


to make certain that the input-circuit response time is kept short in order to delay the 


onset of effects due to gamma pile-up. 


(2) BORON TRIFLUORIDE PROPORTIONAL COUNTERS 


The BF; proportional counter is one of the most sensitive detectors of thermal neutrons 
and is widely employed in measuring and monitoring applications. The basic construction 


of the chamber is shown in Fig. 7. The chamber 


usually enriched in the 9B isotope and the 
10R(n, «)’Li’ reaction. The kinetic energy of 


n,q@ reaction in boron 10 is 2.4 MeV (2.85 Me 


is operated as a proportional counter with a 


is filled with pure boron trifluoride gas, 


e ionizing particles resulting from the 
in 7% of the reactions). The counter 
gas multiplication of G. The maximum 


“he on of neutrons is achieved by the 


pulse amplitude available from an event in which the whole of the particle energy is 
dissipated in the gas is given approximately by: 


G 
— x 102% 
Cc 


Where G 
Cc 


Gas amplification 


Total input capacitance in 10-12 


v 


F. 


The construction of the tube gives an inherently low capacity but the relatively low 
charge per pulse makes the maximum cher es input capacity small compared with 


that for a fission chamber. Using a higher g 


pulse but this decreases the life of the tube. T| 


amplification increases the charge per 
e use of pulse transformers, therefore, 


can extend the life of such tubes by limiting the charge per pulse necessary from the 


detector. 
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Fig. 7 
20th century type 12EB40 


VIII. High-temperature systems 


In high-temperature applications a single-cable system (circuit 2) would be an ideal 
solution and the problems of designing and manufacturing a combined pulse transformer 
and blocking capacitor have been investigated. 


For the pulse transformer it was necessary to use core materials with stable magnetic 
properties at the maximum operating temperature (500°C) and it was decided that 
grain-orientated silicon-iron was a suitable material. Insulated wire was used for 
winding—either anodized aluminium or ceramic-coated wire. 


To form the capacitor a ceramic tube, metallized both internally and externally, 
is used. The transformer is mounted inside the tube using a ceramic cement. The complete 
unit is } in diam. x 1} in in length. 


TX. Results and conclusions 


Pulse transformers based on the design information given in this paper have been 
constructed. For low-temperature applications up to 150°C Ferroxcube cores can be 
employed using silicone-insulated wires. The complete transformer can be potted to 
increased insulation performance. 


For higher temperature applications of fission chambers it has been necessary to 
employ core materials with high Curie temperatures and pulse transformers are designed 
for use up to 500°C. High-temperature cables for these applications are mineral insulated 
and the attenuation-temperature characteristics of these cables must be carefully 
considered in conjunction with the transformer design. In present investigations the 
single-cable circuit (circuit 2) has been examined. The decoupling condenser at the 
detector is being constructed as a metallized ceramic outer case of the transformer. 


The pulse-instrumentation system for the BR2 reactor employs a_fission-chamber 
type FC165 employing a pulse transformer, using circuit 2. A polystyrene capacitor 
is used to give high radiation resistance. Extensive tests on this installation have confirmed 
its reliability. It has been observed that the incorporation of a pulse-transformer system 
has required an additional gain of 8—10 db in order to achieve equivalent results. 
This is not due to poor matching characteristics with the cable and it has been found 
that the cable length can be varied without significant change. The effect is most likely 
due to the bandwidth limitations of the present transformers for the fast pulses from 
the detectors. 


To summarize, a pulse transformer system has the following advantages in the 
transmission of signals from detectors over considerable distances: 
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(1) Simplicity of construction; 
(2) Small physical size; 
(3) Operation up to 500°C; 
(4) Non-overloading. 

In spite of the recent development of charge-sensitive preamplifier and amplifier 
systems, the pulse transformer is still an estes solution for many applications, 
particularly in terms of non-overloaded characteristics and reliability. 
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DISCUSSION 


R. J. Griffiths (United Kingdom): Would Mr} Loveless tell us what is the frequency 
response of the triaxial cable-transformer system? 


F. C. Loveless (United Kingdom): Precise information on this point is not yet 
available but the following details regarding the ae transformer, which is the limiting 
component, may be of interest: it has a rise time of 0.08 us and a turns ratio of 4:1. 


The triaxial cable has a characteristic impedance of 70 Q. The fission chamber pulses 
which have been used with this system have a rise time of approximately 0.05 ys. 


J. L. Leconte (France): Could you give us orders of magnitude for the output level 
of your transformers with your BF, counters?|The transformer results in attenuation 
of the pulse as compared with the classical Sees process, and I expect you must 
have problems due to the signal-to-background noise ratio. Could you give us orders of 
magnitude? 

F. C. Loveless: The pulse height obtained from the BF; counter. type 12EB40, 
operating with a gas multiplication of 30 is approximately 8.5 mV. See Table I in the 
paper. The attenuation of the system is increased by 8 db using pulse transformers. 

We have not experienced difficulties with signal-to-background noise ratio using the 
transformer system, provided the cable is correctly matched to both detector and 
amplifier. 


C. J. Borkowski (United States): Most of the| problems with reactors where one uses 
a pulse channel for measuring neutron levels are, at least in our experience, due to cables 
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picking up noise from motor-starting relays and the like; it is true that the impedance 
is relatively low, but would you not anticipate a fair amount of spurious transients on 
a low-level system of this type? 


F. C. Loveless: Our present experience of the triaxial cable system has been confined 
to the laboratory but we hope to test the system in a reactor environment in the near 
future. In the system which I described, for the pulse instrumentation designed by the 
ACEC for the Belgian BR2 reactor, a triaxial cable is used as a double-screened cable. 
Complete freedom from spurious pulses is obtained with this arrangement. It is of course 
important to isolate the detector supplies from those connected to the reactor. This 
particularly applies to the ‘‘ground” potential connections. , 


R. Vestergaard (Sweden): I might make a comment on Mr. Borkowski’s reference to 
spurious noise in these reactor systems. I have myself worked quite a lot with such 
systems and my experience is rather that it is not generally very difficult to screen the 
pulse transmission system itself. In my experience the noise is caused mainly by pick-up 
in the ground portion of the network, as Mr. Loveless says, so I would just warn against 
too much trouble-hunting in the transmission channel itself. 


CIRCUIT SELECTEUR TRANSISTORISE 
A UN CANAL 


H. Anprreux, J. GuiITTon ET L. HUGOLIN 
CENTRE D’ETUDES NUCLEAIRES DE SACLAY 
FRANCE 


Abstract — Résumé — AnnoranHa — Resumen 


Single-channel transistorized selector. The special aim has been stability of the thresholds and 
standardized pulses under variations of temperature, and also interchangeability of transistors. 

The selector has the following specifications. Input dynamic, 100 mV to 10 V; adjustable 
channel width, 100 mV to 1 V; minimum resolving time, 5 ps; maximum storage of capacitor, 
100000 cps; linearity of capacitor, + 1%; stability of capacitor: final information is retained to 
1% after 24 hours. 

Tests of the selector under variations of temperature were carried out between —20° and 
+55°. The following was observed: threshold variation of + 2% for a threshold of 100 mV: 
channel-width variation of + 2% for a width of 100 mV; stored information variation in the 
capacitor of + 2%. 

The selector is wired on a plate of dimensions 196 x 96 mm. Consumption is 20 mA at — 18V 
and 30mA at + 18 V. 


Sélecteur transistorisé 4 un canal. On a plus particuli¢rement recherché la stabilité des seuils 
et des signaux standardisés en fonction de la température, ainsi que l’interchangeabilité des 
transistors. 

Le sélecteur présente les performances suivantes. Dynamique d’entrée, 100 mV 4 10 V; largeur 
du canal ajustable, 100 mV a 1 V; temps de résolution minimum, Sys; capacité maximum de la 
mémoire, 100000 chocs; linéarité de la mémoire, + 1%; stabilité de la mémoire: l’information 
finale est conservée 4 1% au bout de 24 heures. 

Les essais du sélecteur en fonction de la température ont été effectués entre —20° et +55°. 
On a observé: une variation de seuil de + 2% pour un seuil de 100 mV; une variation de la lar- 
geur du canal de + 2% pour une largeur de 100 mV; une variation de l’information stockée 
sur la mémoire de + 2%. 

Le sélecteur est cablé sur une plaquette de 196 mm de long sur 96 mm de large. I consomme 
20 mA sous — 18 V et 30 mA sous + 18 V. 


Tpan3acTopanlii OHOKaHabHbM cenekTop. ABTOpbI OCOGeHHO CTPeMMIHCh K cTaOMbHOCTH 
NOPOros H YHHOUKAaIMH CHrHaJIOB B 3aBHCHMOCTH OT TeMMepaTypbl, a Takxke K B3aHMO3aMeHse- 
MOCTH TPaH3HCTOpOB. 

CenexTop wMeeT cielyiollue XapaktepucTuxu. BxonHol quHamuKx: 100mV—10 V; umpuna 
perys1Mpyemoro kaHana: 100m V—1 V; MHHHMasIbHOe pa3pellaroijee BpeMma — 5uS; MaKCHMaJIbHad 
€MKOCTbh 3alOMMHarIollero ycTpoiictBa — 100000 otTcyeToB; nMHeHOCTh 3anO0MMHaloliero 
yerpoiictsa + 1%; craOunbHOCTb 3alloMuHaloulero ycrpoiicTBa: OKOHYATeNbHad HHpOpMaunA 
coxpaHseTca C TOYHOCTBIO WO 1% nocne 24 uacos. 

TemuepatypHoe UWcribiTaHue cenekTopa NpoBogMnoc B Upenenax or — 20° go + 55°. IIpu 
WCHbITaHMAX HaOsoyanuch: KoneGaHHa Hopora B + 2% ana nopora B 100mV; Kone6aHue 
IWMpHHbI KaHana B-+- 2% nA uMpHHEI B 100 mV; oum6xa uHhopmaumn, xpaHuMoit 3allOMHHato- 
LMM YCTpolicTBoM, B - 2%. 

CenekTop CMOBTHpoBaH Ha WlacTHHe aMHOK B 196 MauMeTpoB H LIMpHHOH B 96 ManM- 
MeTpos. Ox noTpe6nsetT 20mA npu — 18 Bombtax u 30 mA npu + 18 BomsTax. 


Selector transistorizado de un canal. Los autores han procurado en particular lograr la estabilidad 
de los umbrales y de las sefiales normalizadas en funcién de la temperatura, asi como la inter- 
cambiabilidad de los transistores. 
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Las caracteristicas del selector son las siguientes: Margen de entrada, de 100 mV a 10 V; 
amplitud del canal ajustable, de 100 mV a 1 V; tiempo de resolucién minimo, 5 us; capacidad 
maxima de la memoria, 100000 impulsos; linealidad de la memoria, -- 1%; estabilidad de la 
memoria: a las 24 horas, la informacién final se conserva al 1%. 

Los ensayos del selector en funcién de la temperatura se han efectuado entre —20° y +55°. 
Se han observado los siguientes resultados: Vartan del umbral de + 2% para un umbral de 
100 mV; variacién de la anchura del canal de +- 2° para una anchura de 100 mV; variacién de 
+ 2% de la informacion almacenada por la memoria. 

El selector esta conectado a una placa de 196 mm de longitud y 96 mm de ancho. Consumo: 
20mA a — 18 V y 30mA a + 18 V. 


Introduction 


Le circuit sélecteur décrit dans le présent mémoire constitue l’élément essentiel d’un 
appareillage de spectrométrie gamma, plus spécialement d’un appareillage portatif. 

Il répond aux besoins de l’électronique classique. Les impulsions qui |’attaquent ont 
0,1 us de temps de montée et quelques microsecondes de largeur. Le temps de résolution 
est de l’ordre de quelques microsecondes. 


Nous avons plus particuligrement recherché la stabilité des seuils et des signaux 
standardisés en fonction de la température, ainsi que l’interchangeabilité des transistors 
utilisés, 

L’écart de température auquel a été soumis le circuit est de 75°C, de —20° a +55°. 


Composition du sélecteur 


Le sélecteur présente les circuits fonctionnels suivants: 


a) Circuit séparateur et adaptateur a l’entrée du sélecteur proprement dit; 

5) Circuit adaptateur et limiteur d’amplitude sur chacune des voies supérieure et 
inférieure; 

c) Circuit discriminateur d’amplitude, voie supérieure et voie inférieure; 

d) Circuit de retard ajustable sur la voie inférieure; 

e) Circuit anticoincidence; 

Jf) Circuit de mise en forme; 

g) Circuit adaptateur de sortie. 


CIRCUIT SEPARATEUR ET ADAPTATEUR — CIRCUIT ADAPTATEUR ET LIMITEUR D’AMPLITUDE 


Les deux circuits sont de méme inspiration. Nous indiquerons les éléments constitutifs 
du second (fig. 1). 


Le transistor T, — voie inférieure — est monté en collecteur commun, et son collecteur 
débite dans la base du transistor T, alimenté en émetteur commun. Le collecteur de T, 
débite dans |’émetteur de T3. 

Ce circuit bouclé assure une impédance de sortie qui n’est que de quelques ohms. 

Par ailleurs le transistor T, conduit au repos. L’impulsion négative de déclenchement 
le bloque. De ce fait il isole le circuit discriminateur, limitant constamment l’amplitude 


du signal sur la base du transistor T, a une jvaleur voisine de celle du seuil. Aucune 
impulsion saturante n’est appliquée au transistor de seuil Ts. 
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Figure 1 
Circuit adaptateur — circuit discriminateur. 


Un tel fonctionnement permet d’éviter linteraction des voies l'une sur I’autre. 
Le méme raisonnement s’applique au montage des transistors T,) et T,, de la voie 
supérieure. 


CIRCUIT DISCRIMINATEUR (fig. 1) 


Il se compose essentiellement de: 


— Deux transistors complémentaires pnp et npn; T,; et T, pour la voie inférieure, T,, 
et T,, pour la voie supérieure. 
-— Deux transistors de compensation en température T, et T,4. 


Au repos, les transistors pnp, T, et T,, sont bloqués a une tension voisine de celle du 
seuil de déclenchement inférieur par les transistors T; et T,). Le potentiomeétre P, permet 
de fixer ce seuil. 

Sur la voie inférieure, le transistor npn complémentaire, T,, est légérement polarisé 
au repos par T,, de maniére que son gain en courant 8 soit maximum. 

Ce gain en courant ( est stabilisé en température par T;. Lorsque la température 
augmente, la tension émetteur-base de T, diminue et abaisse la polarisation de T,, 
maintenant constant le gain 8 qui aurait tendance 4 croitre avec la température. 

Sur la voie supérieure, le transistor complémentaire T,, est bloqué au repos par T,4. 
Le potentiométre P, détermine la valeur du seuil de déclenchement supérieur et en 
conséquence la largeur de la bande de sélection. 
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Si la température s’éléve, le seuil propre de déclenchement de T,, a tendance a diminuer, 
mais également la tension émetteur-base de T,,, On obtient une polarisation variable, 
fonction de la température, qui stabilise le seuil|de déclenchement. 


Le circuit discriminateur posséde une dynamique de 100:100 mv a 10 V. 
La largeur du canal de sélection est ajustable| de 100 mV a 1 V. 
Le signal de sortie varie en durée de 1 4 5 us, selon la largeur de I’impulsion d’attaque. 


CIRCUIT DE RETARD (fig. 2) 


Aprés différenciation par le circuit C,, P3, le signal est appliqué sur la base du transistor 
Ty monté en émetteur commun. 


VOIE INFERIEURE 


SORTIE 
ANTICOINCIDENCE, 


VOIE SUPERIEURE _. 
\ 


A 


Figure 2 
Circuit de retard — circuit anticoincidence. 


Sur le collecteur, on recueille une impulsion comportant en premier lieu une partie 
positive, puis une partie négative produite par l’oscillation de la self L;. Seule la partie 
négative de l’oscillation constitue le signal utile |de sortie. 


Quant a la premiére impulsion positive, sa largeur est ajustable par le potentiométre 
P,; elle assure le retard dont la valeur peut varier de 0,3 a 6 us. 


CIRCUIT ANTICOINCIDENCE (fig. 2) 


La fonction anticoincidence est obtenue au niveau des transistors T,,, et T,, montés 
en collecteur commun. Les émetteurs de ces transistors recoivent les signaux en opposition 
de signe des voies inférieure et supérieure. 
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CIRCUIT DE MISE EN FORME (fig. 3) 


Le circuit est constitué de deux transistors complémentaires pnp et npn — Tyg et Tyo. 
L’impulsion de mise en forme est assurée par l’inductance L,; en conséquence elle est 
indépendante du type de transistor utilisé et des effets de température. 


CIRCUIT MISE EN FORME ADAPTATEUR 


+ 


SORTIE 


Figure 3 
Circuit de mise en forme — circuit adaptateur. 


Le circuit de mise en forme — Ly, C,3, Rs;, Rg . .. — est réglé pour obtenir l’amortisse- 
ment critique. 


Des temps de résolution de quelques microsecondes sont facilement réalisés. 


CIRCUIT ADAPTATEUR (fig. 3) 


Deux transistors en montage collecteur commun T,9, T,, assurent la sortie 4 basse 
impédance du signal sélectionné. 

Le montage présente une impédance d’entrée élevée, condition de stabilité du circuit 
de mise en forme. 


La charge de base continue est constituée par les résistances Ry3 + Req, avec R 
Rs4. Une capacité C5, relie l’émetteur au point commun R,, . Re. 


Dans ces conditions, l’impédance dynamique vue par le circuit d’attaque résulte de 
la mise en paralléle d’une part d’une résistance (1 + 6) R,,, d’aurte part d’une résistance 
R’, définie par la relation: 
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R’ = Bs3 X Bsa 
Tb 
1+ 8 
ou re est la résistance de la jonction base émetteur et r, la résistance de la base. 


En prenant pour R,; et R., des valeurs de 2000 Q, on obtient pour R’ des valeurs de 
105 Q. 


Tet 


Essais — Performances du circuit discriminateur 


Incertitude de déclenchement. La zone d’incertitude est de 2mV pour un seuil de 
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déclenchement de 300 mV et des impulsions d/attaque ayant un front de montée de 
10-7 s. Elle atteint 5 mV pour des impulsions ayant un front de montée de 10-8 s. 


Temps de restitution. Le temps de restitution |est de 4 ys. L’utilisation d’inductances, 
L, et Lg, dans les bases des transistors T, et T,3,|assure le retour rapide de ces transistors 
aux conditions initiales. 


Linéarité. Vécart entre la valeur du seuil affiché et la valeur de l’amplitude de l’im- 
pulsion de déclenchement ne dépasse jamais 17. 


Essai en température (fig. 4). Les mesures de|stabilité de seuil de déclenchement ont 
été faites entre —20° et +55°. 
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Figure 4 
Variation du seuil en fonction de la température. 


Une impulsion de 400 mV d’amplitude est appliquée aux bornes d’un hélipot 200 Q, 
10 tours. Chaque division de V’hélipot représente 0,4 mV. A chaque palier de température, 
Vhélipot est retouché pour se placer exactement au seuil de déclenchement. 

Pour un seuil de 230 mV 4 20°, la variation de seuil est limitée 4a + 2,8°% dans l’écart 
de température considéré, et pour un réglage optimum du point de fonctionnement des 
transistors de compensation T, et T,,. 


Sans réglage particulier de ces transistors, la variation maximum obtenue est de + 6%. 
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Conclusion 


Le circuit que nous venons de décrire est monté sur une plaquette type circuit imprimé 
de 196 mm de long sur 96 mm de large. Sa consommation est de 22 mA sur le + 18 V 
et le — 18 V, soit environ 800 mW. 

La réduction du nombre des éléments, la consommation faible, l’°encombrement réduit 
et la stabilité du circuit en fonction de la température répondent aux impératifs de 
Vappareillage portatif 4 performances élevées. 


A LINEAR CIRCUIT FOR MEASURING 
THE AMPLITUDE RATIO OF TWO PULSES 


R. BAYER 
INSTYTUT BADAN JADROWYCH, WARSAW 
POLAND 


Abstract — Résumé — Axsotaqua — Resumen 


A Kinear circuit for measuring the amplitude ratio of two pulses. A circuit which changes linearly 
the amplitude ratio of two simultaneous pulses is described. 

Up to now circuits have logarithmic characteristics. Their principal work is to charge capacitors 
to voltages which are equal to the amplitude of pulses and then discharge them through the RC 
circuit of the same time constant. 

This system has disadvantages owing to logarithmic characteristics and because one cannot 
distinguish the ratio from its reciprocal. 

The circuit described here has not this disadvantage. Its working principle is based on the use 
of the Miller principle in a pentode tube. This circuit was applied, up to now, to the linear 
change into time of the pulse amplitude which is applied to the plate. Such a circuit type was 
used in amplitude analysers. 

If we consider some steady parameters in this circuit we will find that the sweep time is inversely 
proportional to the first grid voltage. Thus, if we apply an amplitude of the second pulse to the 
first grid there appears, at the second grid of the tube, a linear dependence of the pulse width to 
the ratio of pulses, ; 


Application du circuit linéaire 4 la mesure du rapport d’amplitudes de deux impulsious. L’auteur 
décrit un type de circuit permettant la conversion linéaire en temps du rapport d’amplitudes de 
deux impulsions recues simultanément. 

Les circuits utilisés jusqu’ici sont 4 réponse logarithmique. Leur principe de fonctionnement 
est le suivant: charger des condensateurs 4 une tension égale 4 l’amplitude des impulsions, puis 
les décharger dans un circuit RC a constante de temps identique. 

Ce type de circuit présente certains inconvénients découlant de sa réponse logarithmique; de 
plus, il ne rend pas possible la distinction entre un rapport d’amplitude et son inverse. 

Le circuit décrit dans le mémoire ne présente pas ces inconvénients. Son fonctionnement est 
basé sur lapplication de effet Miller 4 une pentode. Jusqu’ici, il n’avait été utilisé que pour la 
conversion linéaire en temps de I’amplitude de l’impulsion appliquée 4 la plaque. Un circuit de 
ce genre a été utilisé dans des analyseurs d’amplitude. 

Si l’on considére certains des paramétres stationnaires de ce circuit, on constate que la 
fréquence de balayage est inversement proportionnelle 4 la tension de la premiére grille. Par 
conséquent, si l'on applique a la premiére grille ’amplitude de la seconde impulsion, on obtient 
une fonction linéaire entre la largeur des impulsions 4 la seconde grille du tube et le rapport 
des impulsions. 


Jimeiinaa cxema JJia H3MepeHHA aMIVINTYAHOro KoxppHHeHTa WBYX HMMymBcoB. JTaeTca 
OlMCaHHe CXeMBI, KOTOpad HMHeHO Mpeobpa3veT aMIMIMTYMHOe OTHOMEHHE ABYX NOCTYMAarONIMXx 
OHOBPeMeHHO HMITYJIBCOB, 

Cxembi, paGoTarolime BIVIOTh NO HACTOAWerO BpeMeHH, HMeIOT NOrapH@MwMyecKHe xapaK- 
TepuctTuku. OcHopHaa paOota 3akowaeTca B TOM, YTOOKI 3apAAHTb KOHZEHCATOPE! WO Halips- 
*KeHHH, PaBHEIX aMILIMTYaM MMIIYIIBCOB, A 3aTeM pa3PANHTb HX TOcpeqcTBOM cxeMBI RC 
ero %e TocTOAHHOK BpeMeHH. 

Ota cxema Heyn06Ha u3-3a JOrapHMM4eckoit XapaKTEPHCTHKH H H3-3a TOFO, YTO BHEBO3MOXHO 
OTIHYTh KOXPHUMeEHT OT ero OOpaTHO Be WUHBI. 

Cxema, omHcaHMe KoTOpow maeTca B AOKNane, He MMeeT 9TOTO HeNocTaTKa. Ee opwHITH 
paGoTsI OCHOBEIBaeTCA Ha HCHOMb30BaHHH 2>pdpexTa Munnepa B NenToOaHO TpyOKe. Ita cxema 
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MCHOb3OBaIaCh BIVIOTb 20 HacTOAlero BpeMeHu jmHelHoro mpeoOpa3sosaHuA BO BpeMa 
AaMIUIMTYDBI, HMITyIbCa, KOTOpBIM MpHioxeH kK a pa Tako BH cCxXeM HCIIOJIb30BasICA 
B aMIUIMTYAHbIX aHamM3aTopax. 

Ecsmm MbI pacCMOTpHM HECKOJIBKO YCTaHOBIICHHBIX 14paMeTposB B AaHHOWCxeme, Mbi OO6HapyxXUM, 
4TO BPeMa” pasBepTKH OOpaTHO MpONopuHOHaIbHO epBOMY CeTOYHOMY HalilpsxKeHHIO, TakuM 
o6pa30M, ec MBI IPHIOK“M aMIDIMTYAY BTOporo HMIyIEbca K NepBOH ceTKe, MBI NOYIMM 
JIMHeMHYIO 3ABHCHMOCTb MMIYJIBCHOM DIMPHHBI, NOABIAFOWYIOCaA Ha BTOpoii ceTKe TpyOKH, OT 
KO3PuNMEHTOB HMMYJIbCOB. 


Circuito lineal para medir el cociente de las amplitudes de dos impulsos. La memoria describe un 
circuito que convierte linealmente en un intervalo de tiempo el cociente de las amplitudes de dos 
impulsos que llegan simultaneamente. 

Los circuitos existentes:hasta hoy tienen una caracteristica logaritmica. Se basan en el principio 
de cargar condensadores hasta una tensién igual a la amplitud del impulso, y descargarlos 
seguidamente a través de circuitos RC con la misma constante de tiempo. 

Los dos inconvenientes de este circuito son su caracteristica logaritmica y el hecho de que no 
es posible distinguir entre el cociente y su valor reciproco. 

El circuito descrito no tiene estos inconvenientes. Utiliza el efecto Miller en un pentado. 
Hasta ahora, este circuito se utilizé para transformar linealmente en tiempo la amplitud del 
impulso aplicado a la placa. Se emplearon circuitos de este tipo en analizadores de amplitudes. 

Si se toman algunos pardmetros estables en este circuito, se encontrara que el tiempo de 
barrido es inversamente proporcional a la tensién de la primera rejilla. Asi, pues, si se aplica la 
amplitud del segundo impulso a la primera rejilla, se encontrara una relacién lineal entre el ancho 
del impulso que aparece en la segunda rejilla de la valvula y el cociente de las amplitudes de los 
dos impulsos. 


I. Introduction 


Sometimes in nuclear physics it is necessary to analyse the two incoming pulses 
according to their. amplitude ratio. The most| convenient method is to convert the 
amplitude ratio into time and then analyse it ina similar way to that with an amplitude 
analyser. As it is uneconomic to build a special analyser for this purpose, the time-of-flight 
analyser and the circuit which changes the amplitude ratio into time, are usually used. 

A circuit of this type, described elsewhere [1], changes the amplitude ratio of two 
pulses into time with a logarithmic characteristic. Both this circuit and this method 
are simple, but inconvenient because we paetr analyse the ratio equal to and below 
unity, but only at unity owing to its bad stability. 


The most convenient is the circuit which linearly changes the amplitude ratio into 
time. In such a circuit it is possible to araad canialy the amplitude ratio at below, 
equal to and above unity. This circuit has been built in the Electronic Department of 
the Institute of Nuclear Research in Warsaw. 


Il. The logarithmic circuit 


It is very simple to convert the amplitude |ratio of two pulses into time in two 
RC circuits (Fig. 1). The capacitors are charged to the amplitudes of the pulses and 
then discharged through resistors to the voltages of the value E. For the proper working 
of the circuits their time constant should be equal. 


The pulses from capacitors are presented) to two discriminators of the same 
discriminating threshold equal to E. 
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ANALYSING PULSE 


TG TIME - OF -F LIGHT 
ANALYSER 


STARTING PULSE 


Fig. 1 
RC circuits with discriminators 
V — charging diode; D — discriminator 


Fig. 2 
The discharging curves 


The discharging curve of a condenser of capacity C through a resistor of resistance R 
is given by the equation: 


u= U,exp lz) (1) 


where Up is the initial value of the condenser voltage. When the amplitudes of two 
pulses are correspondingly U, and U, we have 


t t 
E= U, exp ea = U, exp ee, ; (2) 
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Then from equation (2) 


At=t,—t, = ROin (3) 
This characteristic is logarithmic and is inconvenient because of the impossibility 
of analysing the amplitude ratio of two pulses sine to and below unity at the same 
time as analysing the amplitude ratio above unity. This difficulty can be removed by 
having two such circuits and, in one of them, analysing the amplitude ratio above unity 
and in the second the amplitude ratio below unity by taking its reciprocal. Nevertheless 
we cannot analyse an amplitude ratio of equal unity and the stability of the discriminator 
threshold is poor. 
Let us suppose that an analyser of the following characteristics is needed: 

Number of channels, 50; 

Width of the channel is 60 us; 

Amplitude ratio lies between $ to 5; 

The amplitudes of pulses which are analysed |are between 5 and 100 V. 

If, in these conditions the logarithmic and the linear circuit are to be compared we 
must choose the time constant in the logarithmic circuit in such a way that the maximum 
ratio of pulses to be analysed (i.e. five), will be analysed in the 50-th channel which 
correspondes to 3000 us. 

From this, owing to 


U 

t= RCIn —! 

A in U, 

where sa =5 
U, 


we have RC = at = 1860 ys. 
In 5 

In the linear circuit the conversion of amplitude ratio into time, has channel widths 
which are equal throughout the range, i.e. from O|to 5, and the corresponding differences 
between two amplitude ratios are 0.1. 

In the logarithmic circuit, taking the amplitude ratio from 1 to 1.1, we find that 
pulses will be analysed in approximately three channels and the amplitude ratio from 
4.9 to 5.0 will be analysed in approximately half a channel. One of the disadvantages 
of the logarithmic circuit is the instability of discriminating thresholds which amounts 
to +0.1 V. 

Taking into account the minimum amplitude value of the pulses being analysed, 
ie. 5 V, and its change from 4.9 V to 5.1 V (if) we analyse pulses of amplitude ratio 
close to 1.1) we see that the change of At is about 40%. 

This enormous change of Ar when we analyse| the amplitude ratio near to unity, and 
the impossibility of analysing the amplitude ratio equal to and below unity, are the 
main disadvantages of this circuit. 


Ill. The linear circuit 


On comparing the work of the circuit with the Miller result we see that it is possible 
to linearly change the ratio of two voltages into a time. This change may be done in 
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a circuit based on a pentode working in a monostable screen-coupled phantastron 
circuit. : 


We find that the linear sweep (Fig. 3) in a phantastron circuit (Fig. 4) changes so 
that its speed is expressed, as in the simple Miller integrator [2], by 


(U, + E,)/RC V/s (4) 
and can be controlled by changing U,, R or C. 


t=0 t 


Fig. 3 
; The sweeps of the phantastron circuit 
Ua — plate voltage; Us1— first grid voltage; Us2 — screen voltage; Us3 — third grid voltage 


Us Ua +Ep 


Ep 


Fig. 4 
The screen-coupled phantastron circuit 
E — supplying voltage 
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If the rundown proceeds to within £, volts. of ground, then the amplitude of the 
sweep is 
U, — E,; — £, (5) 


and can be adjusted by changing U,. Where E,/is very close to the cut-off bias of the 
tube, E, is the bottom point of the load-line on the plate characteristic (Fig. 5). 


} & Va 
E> OB sins = Ug x sin*a= k, Ua 
Fig. 5 
Simplified plate-pentode ¢haracteristics 


The sweep time Az is the amplitude (5) divided by the speed (4), so that 


Us—Ej—E_ Ue —E—E 
U. +E U. +E, 


At= RC (6) 


In equation (6) we have two voltages, the plate voltage — U, and the voltage presented 
to grid-leak R, — U,, the ratio of which determines Ar linearly, presuming that the 
parameters E, and E, are compensated. 


It will be easy to compensate these parameters if they are steady and independent 
of voltages U, and U,, or are dependent on voltages U, and U,, but in a known way. 


Considering the pentode work in a screen-coupled phantastron circuit we find that 
E, is very close to the cut-off bias of the tube. 

If we consider that the pentode used in such a circuit is an amplifying pentode, we 
may assume that E, is constant and independent of U,. E, is the bottom point of the 
load-line R, on plate characteristics. It changes with U, and can be made proportional 
to U, by the choice of a suitable value for the plate-load resistor R,. 


It is seen from simplified pentode-plate characteristics (Fig. 5) that the triangle OAB 
is similar to the triangle ABC and 


Ey = sin? a U, =k, Ug. 


Taking into account these dependences, i.e., E, += const. and E, = k, U,, and applying 
to the pentode plate the voltage U, + E, + k,U,, and to the grid-leak the voltage 
equal to U,; — E,, a linear dependence of Az from the ratio U,/U, is obtained. 

If, in a circuit of Fig. 4, instead of the plate voltage U,, we apply the voltage which 
is equal to the amplitude of the first pulse, and instead of the grid-leak voltage U, we 
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apply the voltage which is equal to the amplitude of the second pulse, we have all the 
conditions for the linear conversion of the two-pulses amplitude-ratio into time, 


U. 
t=k—, 
A U, 
IV. Performance 


A linear circuit, converting amplitude ratio into time, was developed by using the 
pentode 6F33 working in a monostable screen-coupled phantastron circuit (Fig. 6). 


YU, tE, rKU, 


Fig. 6 
Linear circuit converting amplitude ratio into time 


The plate resistor R, = 300kQ and the voltage E, = 5.6 V were chosen as an 
experiment. 


Giving R, = 300kQ we obtain £, = 0.1 U,. 
The time-constant RC was chosen equal 600 us where R = 1 MQ and C = 600 pF. 


Taking the number of channels equal to 50 and the maximum analysing ratio equal 
to 5, and referring to the 50th channel, the channel width is equal to 60 us. Hence the 
amplitude ratio equal to unity is analysed in the 10th channel. 


At 


—- NW wm 


20 4) ti ti«éiC, CW 


Fig. 7 
The departure of ¢ from its theoretical value 
U; — amplitude of the first pulse; Uz — amplitude of the second pulse 
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The circuit was tested with steady voltages (static method) and with pulses (dynamic 
method) applied to the plate and to the grid-leak in a proper manner. 

Testing was done with voltage between 6 and 100 V and ratios from 0.2 to 5. The 
changes of At were within + 2% (Figs. 7 and 8). 


30 | 40 50 YW) 


Fig. 8 
The departure of ¢ from its| theoretical value 
U; — amplitude of the first pulse; U2 —\amplitude of the second pulse 
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Abstract —- Résumé —- Annorayna — Resumen 


New methods for continuously correcting counting losses due to the dead time of the detectors 
and their associated circuitry. After referring to the shortcomings of present correction techniques 
the authors propose new electronic methods of exact, automatic and continuous correction for 
dead-time losses. 

In the various designs proposed a first conditional circuit stops the passage of pulses to the 
counter if any part of the apparatus is cut off for any fraction, say x%, of the time. Additional 
pulses, equal in number to the pulses lost, are injected into the counter. 

In one design these pulses are obtained by sending pulses via a second conditional circuit to 
a point on the counter circuit. The authors describe this design as applied, for example, to the 
G.M. detector. The steps necessary to avoid coincidences are described. 

In another design, the second conditional circuit is open during a fraction x/(100—x) of the time 
and the frequency is proportional to that of the pulses entering directly into the scaler; this design 
is especially suitable in the case of a multiple-channel magnetic analyser. The time is then divided 
into short intervals and the correction is made at the end of each time interval. 

In both designs, the correction mechanism is simple; its addition requires no modification of 
existing equipment. 

Even if the counting rate varies rapidly with time, correction is accurate and quasi-con- 
tinuous. Moreover, the true time is kept. 


Méthodes originales de correction continue des pertes de comptage dues aux temps de paralysie 
des détecteurs et de leur électronique associée. Aprés avoir rappelé les défauts des techniques 
actuelles de correction, les auteurs proposent des méthodes électroniques originales pour corriger 
automatiquement, exactement et de fagon continue les pertes par temps mort. 

Dans les différentes réalisations proposées, un premier circuit conditionnel interrompt le 
passage des impulsions vers le compteur si une partie quelconque de |’appareillage est bloquée, 
soit pendant une fraction x°% du temps. Des impulsions supplémentaires en nombre égal au 
nombre d’impulsions perdues sont injectées dans le compteur. 

Dans une premiére réalisation, ces impulsions sont obtenues en envoyant en un point du circuit 
du compteur des impulsions 4 travers un second circuit conditionnel. Les auteurs décrivent 
cette réalisation dans le cas du détecteur G.M., et indiquent les mesures 4 prendre pour éviter les 
coincidences. 

Dans une seconde réalisation, le second circuit conditionnel est ouvert pendant une fraction 
x /(100 — x) du temps et la fréquence est proportionnelle 4 celle des impulsions entrant directe- 
ment dans l’échelle. Cette réalisation convient spécialement bien dans le cas d’un analyseur 
magnétique 4 canaux multiples. Le temps est alors divisé en intervalles courts et la correction est 
effectuée a la fin de chaque intervalle de temps. 

Dans lune et l'autre des réalisations, les appareils de correction se présentent sous forme 
d’appareillage simple 4 adjoindre aux installations existantes sans modification de celles-ci. 

Les corrections sont effectuées de fagon quasi continue et exactement, méme si le taux de 
comptage varie rapidement dans le temps. Enfin, le temps réel est conservé. 
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OpHrnnaJIbHbie MeTObI HefnpepbIBHO Kop! noTepb cieTa B pe3ybTaTe MepTBOTO 
BPeMeHH JeTeKTOPOB H CBA3aHHO! C HAMM 3JIeKTpORHOW ammapaTypEI. Hanomune BHayasie DepextTbl 
COBPeMeHHBIX MeTOJOB KOPPeKIMH, aBTOPHI MpewNaraioT OPUTHHasIbHble Bek TPOHHbIe METOABI 
Oa aBromMaTwyeckol, TOYHOK M HenpepbIBHOH KOppeKWHH MOTepb, BbIZbIBACMbIX MEPTBbIM 
BpeMeHeM. 

B pa30MuHBIX peqiaraeMblx MOeIAX MepBasd | ycIOBHad cxeMa UpekpaulaeT DBWOKeHHe 
MMITYJIBCOB K CYCTUMKY, ec Kakad-mM60 YacTb alMaparypbi GmoKupoBaHa B TeyeHHe OTpe3Ka 
x% Bpemenu. J[onoswHHTebHbIc MMMYIIBChI, paBHbie NO 4HCIY MOTepAHHbIM MMITYJIbCaM, 
BBODATCA B C4YeCTUHK. 

B nepsoi Mogzenw 9TH MMMYJICEI NoyyaloTca MyTeM HalipaBeHuA B OJIHY TOYKY CXeMBbI 
c4eTYHKa UMMyJIbCOB 4Yepe3 BTOPYIO YCJIOBHY!O CxeMy. B kayecTBe NpuMepa aBlOPbl ONMCbIBAIOT 
3TY MOZeNb va cueTuuKxa Teiirepa-Mronmnepa. OnmchiparoTca TakxKe Mepbi, TIpHHHMaeMBIe 
BO H30exKaHMe COBNazeHui. 

Bo Bropoi MoeIH BTOpad ycNOBHad cxema 
BpeMeHH, a YaCTOTa NpOMOpuUMOHaNbHa YacTOTe 


TKpbITa B Te¥eHHe oTpe3ka x/(100 — x) 
JIBCOB, BXOAIUMX HElOCpexCTBEHHO B 


TI€pecueTHYHIO CXeMy. Ora MOeNb NOAXOANT cneny 
aHasIM3aTopa. B 9ToM cslyaae BpeMA pa3Oupaetca 


HO JJid MHOTOKaHaJIbHOrO MarHMTHOrO 
Ha KOpOTKHe TpOMexyYTKH, HU KOppekKuHA 


NIPOH3BOHTCA B KOHIIC KaxKZOrO TIPOMexKyTKa BPeMecHH. 


B oGeux Mogenax KOppexkTHpyiollaa armapatTypa 
K CYIIeCTBYIOWMM MpHOopam 6e3 ux u3MeHeHHA. 
Koppekuua Ipov3BOZHTCA NOYTH HellpepbIBHO 4 


luMeeT Mpoctyro tbopmy 4 NpucoesqHHAeTCA 


TOWHO, Wake ec CKOPOCTb cyeTa ObICTpo 


MecHACTCA BO BDCMCHH. Hakouren, COxpaHsAeTcaA eHCTBHTeIbHOe BDeMA. 


Métodos originales de correccién continua de las 


pérdidas de contaje debidas a los tiempos 


muertos de los detectores y de sus circuitos electr6énicos asociados. Después de sefialar las defi- 
ciencias de las técnicas actuales de correccién, los autores proponen métodos electrénicos 
originales para corregir, de manera automatica, exacta y continua, las pérdidas por tiempo 


muerto. 
En jos diferentes modelos propuestos, un primer 
los impulsos al contador si una parte cualquiera del 


ircuito condicional interrumpe el paso de 
ispositivo esta bloqueada, es decir, durante 


una fraccién x% del tiempo. En el contador se inyecta un numero de impulsos suplementarios 


igual al de impulsos perdidos. 
En un primer modelo, estos impulsos se obtienen i 
impulsos a través de un segundo circuito condicion: 


yectando en un punto del circuito contador 
1. Los autores describen este modelo en el 


caso de un detector GM por ejemplo, asi como las precauciones que deben adoptarse para 


evitar coincidencias. 


En un segundo modelo, el segundo circuito condicional permanece abierto durante. una 


fraccién x/(100 — x) del tiempo y la frecuencia es p 
directamente en la escala. Este modelo resulta esp 
analizador magnético multicanal. En este caso, el 
correccién se efectia a la terminacién de cada int 

En uno y otro modelo, los aparatos de correcc 
sencillos que pueden asociarse a las instalaciones 


oporcional a la de los impulsos que entran 
ialmente adecuado cuando se trata de un 
iempo se divide en breves intervalos y la 
valo de tiempo. 

6n se presentan en forma de dispositivos 
existentes sin modificarlas. 


Las correcciones se efectian de manera exacta y casi continua aunque la velocidad de contaje 
varie rapidamente en el tiempo. Asimismo se conserva el tiempo real. 


Introduction 


Dans le cas ou il est nécessaire de corriger le résultat de comptage, suite aux pertes 


dues au temps mort des détecteurs ou de leur électronique associée, deux méthodes sont 
appliquées actuellement (1, 2): a) mesure ou détermination par calcul de Ja durée effective 
du fonctionnement du détecteur (temps de vie, «live time»): b) comptage 4 temps de vie 
prédéterminé (et non pas a temps réel prédéterminé). Ces méthodes sont mal adaptées 
aux cas oui activité varie rapidement dans le temps. 
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Les auteurs proposent d’injecter dans |’échelle (ou les échelles) de comptage des 
impulsions en nombre égal au nombre des impulsions perdues 


Une premiére réalisation de ce principe est applicable si l’échelle de comptage est 
disponible en permanence. 

Une seconde réalisation de ce principe est applicable si l’échelle de comptage n’est 
disponible que pendant des courts intervalles de temps. 


Ces dispositifs assurent des corrections exactes et continues des pertes par temps mort. 
Leurs avantages dans le cas of on a des activités variant rapidement dans le temps et dans 
le cas ol on désire traiter automatiquement les informations sont signalés. 


Pertes de comptage par temps mort 


Lorsqu’un compteur G.M. détecte une particule au temps 0, nous savons qu’il est 
incapable d’en détecter une seconde avant un temps t. Ce temps t est fonction du montage 
électronique associé, du taux de comptage, de la géométrie du compteur et de la nature 
du gaz de remplissage [I]. 

Dans plusieurs applications, le gaz de comptage subit des variations de composition, 
par exemple dans le cas ott ’un des composants du mélange de comptage s’adsorbe 
aux parois, ou dans le cas de compteurs 4 circulation placés a la sortie d’une colonne 
de chromatographie en phase gazeuse. 


x 


Lorsqu’un sélecteur d’amplitude multicanaux 4 mémoires analyse une impulsion 
entrante, nous savons que, en plus du temps nécessaire au cycle des mémoires, le con- 
vertisseur amplitude-temps introduit un temps mort variable di au temps d’analyse de 
V’impulsion. 

L’existence de ces temps morts entraine des pertes de comptage. 


Méthodes de correction classiques 
Cas pu G.M. 


La connaissance exacte de + est relativement difficile, car + varie selon les conditions 
expérimentales. On peut surmonter cette difficulté en associant au G.M. un circuit 
d’étouffement («quench unit») (fig. 1) qui applique, chaque fois qu’une impulsion est 
enregistrée par le compteur, une impulsion négative a l’anode du compteur pour une 


ECHELLE 


QUENCH 
UNIT =-T 


GENERATEUR ECHELLE 
0 'IMPULSIONS CHRONO 
Figure 1 
Montage permettant d’utiliser la formule N = Ng/(1 — Ng tx). 
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nombre d’impulsions par unité de temps que le compteur enregistrerait s’il n’y avait 
pas de pertes et Ng le nombre d’impulsions réellement enregistrés par unité de temps: 


Ni 


1— x 


durée fixée t*, choisie supérieure au domaine : variation de t. On a ainsi, si N est le 


N= 


Cette formule n’est applicable que si N est constant ou varie peu pendant l’intervalle 
de comptage. 


Dans le cas contraire, on est conduit 4 des calculs compliqués méme si on se limite a 
une premiére approximation. Par exemple, dans le cas d’un mélange de deux radio- 
éléments de périodes connues, les calculs en premiére approximation sont déja difficiles [2]. 

Si l’on n’a aucune indication sur la fonction du temps t N = f(t), les calculs sont 
impossibles, sauf si on effectue un assez grand nombre de mesures successives pour que, 
pendant chaque mesure, N soit approximativernent constant. 


CAS DU SELECTEUR MULTICANAUX (fig. 2) ° 


Le temps d’analyse varie fortement selon r hauteur de Pimpulsion analysée. Le 
«quench unit» devrait donc étre réglé pour une valeur trés grande de temps mort. De 
plus, il doit pouvoir transmettre linéairement l’impulsion. Cette version n’a donc pas été 
réalisée jusqu’ici. 


AMPLI CIRCUITS aT 
DETECTEUR LINEAIRE : ie nerae Z ANALYSE 


Tz 


Figure 2 
Temps morts dans un sélecteur d’amplitude. 


t=7, +7T,=0,5N + 204s 
20 ps <i r< 150 ps 


G. M. ET ANALYSEUR — MODIFICATION DE L’BCHELLE DES TEMPS 


Une autre solution (fig. 3) consiste 4 installer entre le générateur d’impulsions d’horloge 
et l’échelle du chronoscope électronique une ese qui sera normalement ouverte, sauf 
pendant la durée des impulsions d’étouffement envoyés au détecteur G. M. 


Dans ces conditions, le chronoscope ne mesurera plus le temps réel. 11 est facile de 
démontrer que si le nombre d’impulsions 4 détecter est statistiquement constant dans 
le temps, le nombre d’impulsions détectées pean lintervalle de temps de comptage 
est égal au nombre réel d’impulsions présentes dans le temps affiché (si, par exemple, 
lappareil était réglé pour déclencher au bout djune minute de comptage, il déclenchera 
aprés un temps réel supérieur 4 une minute). 


Il est utile que la fréquence du générateur d’impulsions d’horloge soit élevée pour 
avoir une bonne précision. 
Ce type d’appareil est réellement appliqué dans la plupart des sélecteurs d’amplitude 
a mémoires magnétiques (circuit de «live time»). 
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QUENCH ECHELLE 
UNIT 


GENERATEUR ECHELLE 
D’IMPULSION CHRONO 
Figure 3 
Mesure en temps actif. 


Les inconvénients de ce systéme sont les suivants: 

a) Si N varie dans le temps, les corrections ne sont qu’approchées. 

b) Si on désire enregistrer les variations dans le temps de N, les cycles de comptage 
successifs ont des durées inégales, et il faut mesurer le temps au début de chaque intervalle 
de comptage. II est alors encore plus commode de réaliser des cycles de comptage de 
durée égale et de mesurer le «live time» pour chaque intervalle de comptage. 


Nouvelles méthodes proposées 


Le principe général des nouvelles méthodes proposées consiste 4 injecter en un point 
choisi de l’échelle de comptage des impulsions supplémentaires, dont la fréquence 
moyenne est égale a la fréquence moyenne des impulsions qui sont perdues a cause du 
temps de paralysie du détecteur ou de son électronique associée. 


L’échelle auxiliaire des temps reste inchangée, et le chronoscope donne toujours le 
temps réel. 

Nous serons amenés a envisager deux réalisations de ce principe. 

Un premier dispositif s’applique si une (ou des) échelle(s) de comptage est (ou sont) 
connectée(s) en permanence a la sortie du (ou des) dispositif(s) formateur(s) d’impul- 
sions. Le temps mort peut étre quelconque, pour autant que I’on connaisse la limite 
supérieure de sa variation. 

Ce dispositif s’adapte particuliérement bien au compteur G. M. associé a une échelle 
simple. Il est aussi applicable aux sélecteurs d’amplitude multicanaux formés de 7 échelles 
séparées et n + 1 discriminateurs d’amplitude associés 4 n + 1 unités d’anticoincidence. 

Un second dispositif s’applique si chaque échelle de comptage n’est connectée que 
temporairement a4 la sortie du dispositif formateur d’impulsions, c’est-a-dire pendant 
le temps qui est nécessaire a la faire avancer d’une unité. Le temps de paralysie du 
détecteur ou de l’électronique associée peut varier de fagon quelconque, a la seule con- 
dition que ce temps de paralysie soit mesuré pour chaque impulsion analysée. 

Ce dispositif s’adapte aux sélecteurs d’amplitude multicanaux 4 mémoires magnétiques 
ou autres. En effet, dans ce cas, le contenu de chaque canal est stocké en mémoire et 
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n’est transféré a l’échelle auxiliaire que pendant le temps nécessaire a l’envoi de l’impulsion 


«add-1». 


Premier dispositif proposé 
1. Principe (fig. 4) 


L’échelle de comptage est raccordé en permanence a la sortie du dispositif formateur 


d’impulsions. 


PORTE Pia 


CIRCUIT 


Figure 4 
Principe de correction p 


Ne = Nr(1— X) 


dot Nr=Ne 


COMMANDE 0 
PORTE P1 


D’ INJECTION 


¢ 
ECHELLE 


ur une échelle. 
Ne X 


On place entre le détecteur et son électronique jassociée d’une part et l’échelle de comp- 
tage d’autre part, une porte électronique P,, porate fermée si une partie quelconque des 


dispositifs placés 4 l’amont est paralysée. Si X/1 


qui seraient détectées si le détecteur et son élec 


st la fraction du temps pendant laquelle 


ronique associée présentaient un temps 


la porte est fermée, et si N, est le nombre soon statistiques par unité de temps 


de paralysie rigoureusement nul, le nombre d’im 
directement 4 l’échelle est égal 4 N, (1 — X). 


ulsions par unité de temps qui arrivent 


On injecte en plus dans |’échelle A N impulsions par unité de temps. Celles-ci sont 


obtenues en envoyant, dans une ligne sur laquell: 
est fermée et vice versa, des impulsions de fréquen 
enregistrées par l’échelle, soit N.. On a ainsi: 


AN=XN.. 


L’échelle regoit donc deux trains d’impulsions et 


No = N; (1 — X) 


il y a une porte P,, ouverte quand Pj, 


moyenne égale a celle des impulsions 


+ XN 
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et par conséquent 
No = N;.- 


Les corrections sont effectuées de fagon exacte méme si X varie, si N, varie et le temps 
réel est conservé. 


2. REALISATIONS DES FIGURES 4 ET 5 


Dans cette réalisation, les impulsions de fréquence moyenne N, sont prélevées en C 
directement avant l’entrée de l’échelle et envoyées a la porte P,, par l’intermédiaire d’une 
ligne de retard D. ; 

Le réle de cette ligne de retard est de décaler I’un par rapport 4 l’autre le train d’impul- 
sions de commande de la porte Pj» et le train d’impulsions prélevées en C de fagon a les 
rendre statistiquement indépendants. 


Néanmoins, dans cette disposition, certaines impulsions de correction sont perdues 
par coincidence. Le nombre de coincidence est réduit dans la disposition de la figure 5, 
ou les impulsions sont prélevées et réinjectées (pour autant que Ja porte P,y soit ouverte) 
aprés un premier étage de démultiplication de l’échelle. 


COMMANDE 
DE PORTE 
P1 


Nc 


Figure 5 
Correction aprés un étage de démultiplication. 


Cet étage permet d’autre part la réalisation de la ligne a retard de facon moins onéreuse. 

En effet, pour un G. M., z est de l’ordre de 100 ys et un retard de l’ordre de quelques 
centaines de microsecondes est nécessaire. 

Grace a l’étage de démultiplication, les impulsions 4 retarder ont une fréquence plus 
faible. 

Le cotit d’une ligne a retard classique pour un tel délai est relativement élevé. Il est 
plus simple de le réaliser par une série de n éléments électroniques concentrés, tels que les 
monovibrateurs. Si leur temps de basculement est 7,, on peut ainsi obtenir un délai de 
nT;. 

S’il n’y avait pas de démultiplication, le premier monovibrateur de la série pourrait ne 
pas étre revenu a son état stable avant qu’une seconde impulsion a retarder se présente. 
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3. REALISATION DE LA PORTE Py, 


Si Je dispositif de commande de porte P, est constitué par une unité d’étouffement 
(«quench-unit), on sait que le compteur G. M. recoit une impulsion négative qui le 
bloque. Le fonctionnement décrit est correct. 

Toutefois, si cette commande de porte est constituée par une unité de temps mort sans 
impulsion de «quenching», il se peut que le compteur G. M. détecte une impulsion telle 
que Z (fig. 6). 


are] 


= 
= 


Soee 2 
i 
‘ 


Figure 6 
Action d’une impulsion arrivant 4 linstant Z. 


La porte P, étant 4 cet instant fermée, aucune impulsion ne sera comptée, mais le 
détecteur va présenter a partir de l’instant Z un temps mort tg; il y a donc accroissement 
imprévu du temps mort total, valant Y. Ce temps mort supplémentaire n’est pas prévu, 
et la correction est imparfaite. On peut y remédier en installant des circuits supplémen- 
taires repris en double encadrement sur la figure 7. Pendant le basculement de P,, une 
porte supplémentaire P,, permet aux impulsions telles que Z de passer et de commander P,. 


Celle-ci ferme une porte auxiliaire P,, placée en série sur le trajet AB. De cette facon, 
la fraction XY du temps citée dans les définitions correspond a l’intervalle de fermeture 
de P, augmenté de la correction éventuelle introduite par Pq. 

Bien entendu, cette fraction X est aussi introduite dans la chaine de réinjection en Pp 
placée en paralléle avec P,» dans le circuit de réinjection. 

Si, pendant le temps de basculement de P,, une troisiéme impulsion se présentait, elle 
serait acceptée par P,, pour autant que celui-ci soit revenu au repos. Ceci entraine la 
condition t < 2 tg. Notons que le circuit allongeur n’est pas nécessaire si le tube de 
_G.M. est associé a un circuit d’étouffement. 
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COMMANDE 
OE PORTE P1 


COMMANDE 
DE PORTE 
P2 


Figure 7 
Schéma de principe avec les portes-série Pia et Pog. 


4. PERFORMANCES 


La figure 8 montre des courbes de décroissance de l’activité de 13N (période 10,1 min) 
mesurée 4 aide d’un compteur G. M. avec et sans dispositif de correction. 


Ces courbes de décroissance sont tracées dans le diagramme de FREILING et BUNNEY [3]. 


Le dispositif s’applique également dans le cas des sélecteurs d’amplitudes 4 n échelles. 
Chaque échelle est alors équipée de son propre dispositif de correction. 


Second dispositif proposé 


Le premier dispositif ne peut s’appliquer aux sélecteurs d’amplitude 4 mémoires. En 
effet, ceux-ci ne comportent qu’une seule échelle recevant au moment opportun le 
contenu de la mémoire que le circuit d’analyse a sélectionnée. II n’est donc plus possible 
de réinjecter des impulsions de correction aprés un certain délai, car la réinjection se 
ferait dans un canal non correct. 


1. PRINCIPE 


Le passage des impulsions vers le compteur est, pour chaque impulsion fournie par 
lappareil de mesure, interrompu pendant un certain temps a4 laide d’un circuit condi- 
tionnel. 


Les impulsions réinjectées ont une fréquence moyenne proportionnelle a la fréquence 
moyenne des impulsions passant en un point du circuit du compteur qui ne regoit pas 
les impulsions injectées. Cette fréquence moyenne est égale a N, (1 — X). 
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Figure 8 
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Diagramme de Freiling Bunney. 


Oo avec corr 
x sans corr 
+T=10,02s 


tion 
tion 


PERTES 


- 
tad 


eA ft-t) 


L'injection des impulsions supplémentaires s’opére pendant une fraction de temps 


égale a X/(1 — X). Dans ces conditions: 


Xx 


No= NM —-X)+N,(14+X%) —| =N,.- 


1— X 


La fréquence moyenne des impulsions a injecter étant égale A celle des impulsions 
venant directement de l’appareil de mesure, on peut également utiliser une échelle de 


comptage d’impulsions dont le premier élément 


est un élément de démultiplication par 


2 (fig. 9). On peut alors, au lieu d’injecter des impulsions de correction, placer devant 


Véchelle un aiguillage qui dirige les impulsion 
avant, soit aprés cet élément de démultiplicati 
doit étre réalisée. 


venant de l’appareil de mesure, soit 
n suivant que l’injection ne doit pas ou 


Dans le dispositif proposé pour la réalisation de ces modifications, on considére des 
intervalles de temps successifs égaux, dont la durée est prise comme unité de temps. 


Soit O le début d’un tel intervalle de temps. 

Pendant la premiére partie de cet intervall 
d’impulsions de correction ou la duplication 
mesure n’est pas réalisée. 


Pendant la seconde partie de cet intervalle, soit {[1— X/(1 — X)], 1}. 


, soit {0, [1 — X/(1 —--¥)]}, Pinjection 
les impulsions venant de l’appareil de 


on procéde, 


par exemple, a la duplication. La valeur X/(1— X) est mesurée pendant la premiére 


partie de l’intervalle de temps. 
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DISPOSITIF DE MESURE 
OE 1- Tr 


COMMANDE DE PORTE 


PORTE OUVERTE 


PENDANT LINTERVALLE 


x 
(0, 1- im 


PORTE QUVERTE 
PENDANT L'INTERVALLE 


x 
a ) 
Smeal il 


Figure 9 
Correction aprés division par 2. 


Nous allons décrire de facon analytique la réalisation de la figure 10. 


23 
GENERATEUR 
D’IMPULS 

F 


we 
ECHELLE M 


ENTREE DES 
IMPULSIONS 


Figure 10 
Bloc diagramme du schéma complet de correction. 


2. OBTENTION D’UN SIGNAL AU DEBUT DE CHAQUE INTERVALLE DE TEMPS 


Un générateur d’impulsions (9) de fréquence f envoie des impulsions dans une échelle 
de M (10). Les signaux marquant le début de chaque intervalle de temps sont ceux 


23° 


356 J. J. POINT ET A. BLAVE 


obtenus a la sortie de cette échelle de M. Donec on a M = f, puisqu’on prend la durée 
d’un intervalle de temps comme unité de temps, 


3. OBTENTION DANS LA PREMIERE PARTIE DE CHAQUE INTERVALLE DE TEMPS D’UN NOMBRE 
D’IMPULSIONS EGAL A f/n [X (1 — X)] 


Les impulsions fournies par le générateur (9)| sont envoyées sur une ligne comportant 
deux portes (11) et (12) et une ligne a retard (13) destinée 4 éviter les coincidences a 
l’entrée de (20’’). 

La porte (11) est commandée par la commande de porte (14), a laquelle sont envoyées 
des impulsions d’ouverture par l’échelle (10) et des impulsions de fermeture par l’échelle 
(15) décrite ci-aprés. La porte (12) est commandée par la commande de porte (4*), qui 
commande par ailleurs le circuit conditionnel (3). En fait, (4), (4*) et (4%) sont une seule 
et méme commande de porte actionnant trois circuits différents. La porte (12) est ouverte 
quand la porte (3) est fermée et inversement. 

L’échelle (15) est une échelle de M/n. Elle recoit les impulsions fournies par le géné- 
rateur d’impulsions (9) par l’intermédiaire de la porte (16), commandée par la commande 
de porte (17) a laquelle l’échelle (10) envoie des impulsions d’ouverture et l’échelle (15) 
des impulsions de fermeture. 

En série avec la porte (16), nous trouvons Ia [porte (18) commandée par la commande 
(4*x), Elle est ouverte quand la porte (3) est ouverte, et fermée quand la porte (3) est 
fermée. 

L’échelle (15) fonctionne en nombre de coups prédéterminés M/n. Elle regoit des 
impulsions de fréquence moyenne f(1 — X). Elle va donc compter pendant un temps 
qui vaut M/n f(1 — X). 

La porte 11 recoit-a son entrée des impulsions de fréquence f. Elle est ouverte pendant 
un temps M/n f(1 — X). Comme (12) est ouyerte pendant une fraction X du temps, 
nous aurons a la sortie de la ligne (19) un nombre d’impulsions égal a MX/n (1 — X). 


4. OBTENTION D’UN SIGNAL DU TEMPS: 1 — X/(1 — X) 


L’échelle (20) est une échelle de M qui a été subdivisée pour plus de clarté en deux 
éléments (20’) et (20’’). Cette échelle recoit par l’intermédiaire de la porte (21) des 
impulsions du générateur d’impulsions (9). La porte (21) est commandeée par la commande 
de porte (22), qui recoit des impulsions d’ouyerture de I’échelle (10) et de fermeture 
de l’échelle (20’). De plus, les impulsions obtenues comme décrit en 2 ci-dessus sont 
injectées dans l’échelle (20) aprés un élément|de démultiplication par (20 ), 

L’échelle (20) fonctionne également en nombre de coups prédéterminés. 

Par Ja ligne (19), nous savons qu’il vient un nombre d’impulsions égal 4 MX/n (1 — X). 
Comme ces impulsions rentrent dans (20) aprés une démultiplication par n, il reste a 
compter, pour remplir l’échelle (20), un nombre inches égala M—n [MX/n(1—X)]. 

Or nous savons qu’il rentre par (21) des impulsions 4 la fréquence f. Le temps nécessaire 


sera donc: 
M_»/(_MX \{M/,_ Xx 
tf of (j0=) Fs ( =i) 


ou encore, puisque M = f: 
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L’échelle (20) s’arrétera donc aprés un temps égal a 1— X(1— X). 


5, DISPOSITIF DE COMPTAGE PRINCIPAL 


Les impulsions venant de l'appareil de mesure sont comptées par l’échelle (2), sub- 
divisée en deux éléments (2’) et (2’’). Les impulsions venant de l'appareil de mesure 
passent par la porte (3) et se présentent aux portes (23) et (24). (En réalité, dans le cas 
des sélecteurs d’amplitude, l’impulsion sortant de (3) est envoyée au circuit d’analyse, et 
c’est l’impulsion appelée «add-1 pulse» qui est envoyée a Ventrée de (23) et (24).) 

Les portes (23) et (24) sont commandées par le dispositif de commande de porte (25), 
qui recoit les impulsions de commande des échelles (10) et (20). Les impulsions de sortie 
de l’échelle (10) provoquent la fermeture de la porte (24) et l’ouverture de la porte (23); 
celles qui viennent de l’échelle (20) provoquent l’ouverture de la porte (24) et la fermeture 
de la porte (23). 

Dans V’intervalle de temps {0, [1 — X/(1 — X )J} les impulsions sont donc envoyces 
alentrée del’élément démultiplicateur (2 ') et dans ]’intervalle de temps { [1 —X/(1—X y1, 1}, 
les impulsions sont envoyées dans !’échelle (2) aprés le dispositif démultiplicateur (2). 

La fréquence moyenne des impulsions enregistrées par Véchelle (2) est donc égale a 
la somme des deux termes: 


N,(i—X) (1 —_— 7 premier intervalle 


j— 


x 
N,( —-- X).2. (fe second intervalle 


X XxX 
N, 1 — --_ r(— X).2. == Ny. 
=x (17g) += .2 5M 


6. LIMITATION DE CETTE REALISATION 

Pour que la détermination de l’intervalle 0,1 — X/(1 — X) soit correcte, il est nécessaire 
que l’échelle (15) soit remplie avant l’échelle (20). 

L’échelle (15) a regu des impulsions pendant un temps M/n fa —X). L’échelle (20) 
a recu des impulsions pendant un temps (M/f) [1 — X/ — X)). 


D’ot la condition nécessaire: . 
M /M Xx 
< 1 
nf(A— XxX)» f ( x) 
n—l 
n 


2 


On tire X a 


La valeur maximum est X = 0,5. 


Il n’est donc pas possible de bien corriger lorsque les pertes dépassent 50 %. Il est a re- 
marquer que cette valeur était prévisible, car le maximum de correction ne peut que 
doubler le nombre d’impulsions 2’) étant une démultiplication par 2. 

Une correction valable jusqu’a 50% de pertes est largement suffisante pour les besoins 
expérimentaux courants. 
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Il est toutefois possible de modifier (2’) et (2'") pour augmenter Ia limite supérieure 
de_X, en réalisant pour (2’) une démultiplication supérieure 4 2. 


Appelons a la démultiplication introduite par (2’). 


Nous savons que les pertes de comptage sont de N,X impulsions par unité de temps. 
Or chaque fois qu’une impulsion entre dans (2"’) au lieu de (2"), on a ajouté a—1 
impulsions. Les impulsions se présentent a une fréquence N, (1 — X). 


Le nombre a ajouter par unité de temps est N,X/(a — 1) a l’entrée de (2’’). 
Le temps nécessaire est donc: 


NX , Boat NER, oe Sal 
a—1° N,UI—X) (—xX) ~ @—1)" 


C’est donc la fraction du temps pendant laquelle les impulsions doivent étre dirigées 
vers (2’’) au lieu de (2’). 
Il faut donc obtenir un signal au bout d’un temps 1 — X/(1 — X) (a —- 1) au lieu de 
1— xX/(1 — X). 

On peut pour cela modifier l’échelle (15) ou l’ensemble des échelles (15) et (20). 

Etudions par exemple la modification portant uniquement sur l’échelle (15). 

Il faut obtenir a la sortie de (15) (M/n) [X/(1 — X)] [1/(2 — 1)] impulsions dans la 
premiére partie de chaque intervalle de temps. [I suffit pour cela que l’échelle (15) soit 
une échelle de M/n (a — 1) au lieu d’étre une échelle de M/n. 

Dans ces conditions, pour que la durée de comptage de l’échelle (15) —- qui est (a — 1) 
fois plus petite que précédemment — soit inférieure a la durée de comptage de I’échelle 
(20) — qui est devenue 1 — X/{(1 — X) (a — 1)] —, il faut: 


M <a 1 a le 1 
weana—ysF (aw ai) 
dou —<a(l—XJ—1. 


En supposant 90% des pertes de comptage, il vient: 


0,1 poe 1, 
n 


Cette relation est aisément satisfaite en pratique en faisant, par exemple, 7 > 2 eta = 16. 


7. SCHEMAS D’ADAPTATION DU DEUXIEME DISPOSITIF DE CORRECTION A UN ANALYSEUR 
D’AMPLITUDE A MEMOIRES ET A UNE INSTALLATION G. M. 


Le second dispositif décrit convient particuliérement bien pour la correction des pertes 
du sélecteur d’amplitude 4 mémoire. 

La figure 1 montre quels sont les organes du sélecteur qui doivent étre interconnectés 
a Punité de correction. On constate que la seule modification consiste 4 intercaler les 
deux portes (23) et (24) sur le trajet des impulsions «add-1». Cette méthode de correction 
n’entraine donc aucun changement notoire dans) le cablage, ni dans les performances du 
sélecteur lui-méme. 
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Figure 11 
Corrections a réaliser avec un sélecteur 4 mémoire. 


Signalons que ce second dispositif peut étre également appliqué aux cas du G. M. 


La figure 12 illustre cette possibilité dans le cas d'utilisation d’une unité de «quench- 
unit». IL est A noter que, dans ce cas, le prix de revient du premier dispositif expérimental 
est plus faible, 4 qualité égale de correction. 
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Figure 12 
Second dispositif de correction appliqué au compteur G.M. 
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Conclusions 


1. Les nouveaux appareillages proposés sont donc des appareils simples qui, adjoints 
a des installations existantes sans modification /de celles-ci, compensent les pertes par 
temps mort. Ils suppriment la nécessité de megurer ou de calculer le «temps de vie» 
des installations de comptage. 


2. Les corrections sont effectuées d’une fagon continue ou quasi-continue. Elles 
ne sont donc pas entachées des erreurs qui sont liées a l’emploi de techniques de correction 
discontinues (dans le cas du comptage d’échantillons dont l’activité varie rapidement 
dans le temps). 


Cette remarque est importante, compte tenu de l’intérét croissant porté a l'utilisation 
des radioéléments de périodes courtes en analyse par activation, par exemple [4]. 


Il est en particulier possible d’extraire de |facon complétement automatique les 
composantes a périodes courtes dans le relevé |des spectres y a l’aide des analyseurs 
a canaux multiples. 


3. Grace aux dispositifs proposés, chaque comptage est caractérisé par une seule 
valeur, savoir le nombre d’impulsions enregistrées en un temps donné. 


Dans les autres systémes de correction, le résultat d’un comptage est caractérisé 
par deux informations, par exemple: a) le nombre d’impulsions enregistrées en un 
temps réel donné et le temps de vie moyen, et }b) le nombre d’impulsions enregistrées 
en un temps de vie donné et la durée effective |\du comptage. 


Cette remarque est importante. Jointe au fait \que la durée de chaque comptage peut 
étre longue sans qu’il en résulte une diminution de la précision des corrections des 
pertes par temps morts, elle permet de conclure |que le nombre d’informations A traiter 
dans |’étude d’un mélange de radioéléments est beaucoup plus faible si on utilise les 
nouveaux appareillages proposés qu’avec les méthodes habituelles de correction des 
pertes par temps mort. 


Dans le cas ot on désire effectuer les comptage automatiquement et traiter les 
informations 4 Vaide d’une calculatrice analogique ou électronique [5], le programme 
de la calculatrice s’en trouve fortement allégé. 
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THE DETERMINATION OF RANDOM EVENT-RATE 
BASED ON COUNTER LIVE-TIME MEASUREMENT 
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Abstract — Résumé — Annotanaa — Resumen 


The determination of random event-rate based on counter live-time measurement. The method 
of determining the true rate of events generated by a random process based on a counting device 
and live-time measurement is analysed. The determined rate is basically independent of the 
counter-resolving time. It is shown that the error caused by the resolving time of an event-to-pulse 
converter at the input of the system is substantially lower than the actual reduction of the rate 
by the converter itself. Live-time measurement error is discussed with respect to the application 
limit of the method. The analysis given may be applied to pulse-height analysers and counters 
using live-time measurement. The method can simply be realized in pulse-height analysers and 
counters with electronic timers. 


Détermination de la fréquence réelle d’événements aléatoires par comptage et mesure du temps 
mort du compteur. L’auteur présente une méthode de détermination de la fréquence réelle 
d’événements engendrés dans un processus aléatoire, par comptage et mesure du temps mort 
du compteur. La fréquence mesurée ne dépend pas du temps de résolution du compteur. L’auteur 
montre que l’erreur due au temps de résolution du convertisseur événement-impulsion placé 
a lentrée du dispositif est nettement inférieure 4 la diminution de fréquence qu’entraine la 
conversion. II discute l’erreur de la mesure du temps mort en ce quiconcerne la limite d’application 
de la méthode. Cette analyse peut également s’appliquer aux ensembles sélecteur d’amplitudes 
et compteur d’impulsions. La méthode peut étre réalisée d’une maniére simple dans des ensembles 
sélecteur d’amplitudes et compteur d’impulsions comportant un chronoscope électronique. 


Onpeyestenne ckopocta cueta GecnopsJ04Ho Cc.ieAyIOWKX HMITYJILCOB, OCHOBAHHOe HA H3IMepeHHH 
paGouvero BpemMeHH cy¥eTUHKa. AHasIM3upyeTcaA MeTOA ONpeaeneHua HCTHHHOHM CkOpocTH cyYera 
MMOYJIBCOB, CO34aBaeMbIX Cily¥aliHbIM INPOLECCOM, OCHOBAaHHbIM Ha C4€THOM YCTpOiicTBe HW 
w3MepeHHuH paboyero Bpemenn. HaiiqenHaa CKOpOCTb C¥eTa B OCHOBHOM He 3aBMCHT OT 
Pa3pelaromlei cnoco6HocTH CYeT4UHKa Ilo BpeMeHH. [loka3aHo, YTo ommH6Ka, BLI3BAaHHad paspema- 
tole coocobHocTbIo NO BpeMeHA ycTpoiicrBa, upeobpa3viomlero co6hiTHe B 3IeKTpH4eECcKuii 
MMMyJIbC Ha BXOJ€ CHCTEMBI, 3HaYMTEJIbHO HWKEe, 4M DelicTBuTEbHOC YMEHbINeHHe CKOpOCTH 
cyeTa caMuM mpeoOpasoBaTenem. OGcyxgaetca owm6ka w3mMepenua paGoyero BpeMeHH B 
COOTHOMICHHH C UpeneuaMH UpHMeHeHHA 3TOrO MeToa. JaHHbIit aHanu3 MOKeET NIPHMeHATECA 
K AaMDJIMTYHbIM aHalM3aTOpaM MMMYJIbCOB M C¥eTYMKaM, u3MepsIolMM paboyee Bpema. 
Metog MoxeT 6nITb erko MIpHMeHeH B AMIVIMTYOHBIX aHasIM3aTOpaX HMMYJIBCOB HW CueTYMKax 
C 93JIeKTPOHHBIM pesie BpeMeHH. 


Sobre la determinacién del ritmo de sucesos aleatorios basada en la medida del tiempo eficaz 
de un contador. El autor analiza un método para determinar el ritmo verdadero de los impulsos 
generados por un proceso aleatorio que se basa en el empleo de un dispositivo de contaje y 
en la medicién del tiempo eficaz. El ritmo determinado es basicamente independiente del tiempo 
de resolucién del contador. Demuestra que el error ocasionado en la alimentacién del sistema 
por el tiempo de resolucién de un convertidor de sucesos en impulsos es notablemente inferior 
ala disminucién de ritmo ocasionada por el propio convertidor. Discute el error de las mediciones 
del tiempo eficaz desde el punto de vista de los limites de aplicacién del método seguido. 
El andlisis formulado es valido para los analizadores de amplitud de impulsos y los contadores 
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basados en la medicién del tiempo eficaz. La aplicacién del método a los analizadores de amplitud 
de impulsos y a los contadores con predeterminacién| electronica automatica no ofrece mayores 
dificultades, 


I. Introduction 


The method of determining the true rate of events generated by a random process 
based on a counting device, and live-time measurement eliminates, by its principle, theerrors 
due to the resolving-time of the counting device. This is of interest in spectrum analysis 
whenever background subtraction and the absolute value of the spectrum are required. 
It may also be used for determining high rates of random events with a slow counter 
when time needed for measurement is not impprtant. The method has recently been 
used, [1] [2], etc., but an analysis of the accuracy) and limit-of-application aspects seems 
not to have been published so far. 


As the live-time of the input stage, i.e. the event-to-pulse converter, cannot, except 
in special cases, be measured, an error is to be expected due to its finite resolving time. 
The analysis shows that this error is substantially lower than the actual reduction of 
the rate by the input stage. Live-time measurement consisting of measuring many live- 
time intervals gives rise to an error proportional to the rate, which limits the highest 
rate which can be determined. 


II. Determination of the rate 


The method is based on the fact that the true rate of random events can be determined 
by observing the time-intervals between successive events. The basis of the method 
may be interpreted as follows. Let observation begin at some arbitrary zero of the time 
needed for an event to occur. According to Poisson’s distribution law for random events 
occurring at an average rate , the probability of no event occurring in an interval t 
is e, The probability that an event will occur|in the interval d¢ is udt, so that the 
probability that the first event after a time ¢ will occur between ¢ and ¢ + dt is we? dt. 
The average time of waiting for an event to occur found by a large number of observations, 
no matter how many events occurred between |two subsequent observations, will be 


Tan [iemdtm © ()) 
Le 


The result of the observations is the average interval between successive events, i.e. 
the inverse of the true rate, although no interval] was measured between two particular 
events, since the probability of starting an observation at the time when an event occurs 
is zero. 


A logical arrangement by which the observations described can be carried out is 
shown in Fig. 1. There is an event-to-pulse converter (e.g., a radiation detector) at the 

_ input, followed by an event-processing system. In|the first consideration let the resolving 
time o of the event-to-pulse converter be zero. Each observation is started by the event 
which had occurred before a time +. (Observations may be started by previous events 
because of their mutual independence.) Once an observation is started, the system is 
active or “‘live’’ till the next event occurs, which| makes the system inactive or ‘‘dead”’ 
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Fig. 1 
Determination of the rate by counter live-time measurement 


for a time + defined by the paralysis element. Both event and time-gate are operated 
simultaneously so that the time during which the system is active is summed up in the 
“‘live-time recorder”, giving the result 


N 
T= Da@ = NT = 
i=] 


[2 


(2) 


where N is the number of events, i.e. time intervals, stored during the measurement 
in the ‘event counter”. Dead interval + used for operations upon events (counting, 
analysis, storage) may be, according to above considerations, of any value, constant 
or variable. Time spent for complete measurement is the sum of live and dead-time 
intervals 


N N N 
Tm= Y O+ BrO= — + NT = TO + uF) (3) 
i=1 i=1 


where 7% is either the average dead-interval or a constant. The information about the 
true rate can be obtained by a slower event-processing system at the expense of an 
increased measurement time. 


For the live-time measurement continuous and digital methods are possible. In the 
former, the time-standard is replaced by a constant current source, and the live-time 
recorder by a current integrator [1] [2]. The digital method is based on the coincidence 
of live-time intervals with periodic time-standard pulses. If time-standard pulses are 
much shorter than the live-time intervals the probable number of coincidences, i.e. 
recorded pulses, is F = 7, 7 (j = rate of time-standard pulses), from which the event 
rate can readily be obtained 


N 


ieee AL (4) 


% may be lower than y, if both numbers N and F are high enough for the statistical 
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fluctuations to be low. Preset live-time or preset|/event-number operation is performed 
by a bistable circuit operating both of the gates. If the live-time pre-set value is one 
unit of time, the reading at the event-counter gives directly the event rate yu. 


I. Error due to resolving time of the event-to-pulse converter 


In this section the method presented is discussed with respect to the finite resolving 
time of the event-to-pulse converter, or more generally, of any part of the input stage, 
whose dead-time cannot be defined by the paralysis circuit (an exception to this is the 
externally quenched Geiger-Miiller tube, where |the paralysis circuit can be used for 
quenching, allowing the live-time measurementi—the dotted line in Fig. 1). As the 
pulses leaving the converter no longer possess ie same rate and distribution as the 
events at the input, an error can be expected in determining the event rate. It may also 
be expected that the results will differ for the two types of converters according to their 
dead-time mechanism. The well-known definitions and results from the counting 
theory [3] [4] can, for the present problem, be given as follows. In the converter-type 1 
only events which produce a pulse are followed|by a dead-time interval (in which no 
event can produce a pulse), while in the converter-type 2 all events—whether producing 
a pulse or not—are followed by a dead-time interval. Their respective efficiences defined 
as output-to-input or pulse-to-event rate ratio are: 


uw 1 
for type 1 — = ——_—_ 5 
yp i pues (5) 
wool 
for type 2 — = eH (6) 
Lu 


from which the relative error can be deduced. 

In the converter-type 2 the dead-time intervals are actually of variable length o, because 
an event which falls within a dead-time interval oy is followed again by dead-time 
interval cy) without producing a pulse. More generally, the case with variable o will 
first be considered. 


The observations of the counter live-time intervals can be divided into two groups 
according to the condition of the converter when an observation begins. To the 
observations beginning when the converter is alive the same consideration applies as in 


. : iy on ad . 
the case o = 0, and the average live-time interval measured will be 7, = f -= —, according 
0 


to equation (1). The average live-time interval measured by observations starting while 
the converter is dead can be determined as follows. Let observation begin at the 
time x, 0< x <o, after an event producing a|pulse. The probability that no pulse 
will occur in the observed interval ¢ is the same as that of no event occurring in the 
interval (¢ + x —o), because by definition no pulse can be produced in the interval o. 
The probability of a pulse occurring between ¢, and ¢ + dt is then we—Ht + *—9% dy, 
and the average time interval for given x and a is 


eo 


jeer? dt. 


ao—x 
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The probability of commencing observation between x, x + dx is independent of x and 
dx 

equal to — , and if the probability of o being between o, o + do is P(c)deo, the average 
o 


live-time interval for all the observations starting within o can be expressed as: 


oo G * p 
b=" [ [ [FP eeeeroauazae, (7) 
eo 


0 0 o—x 
loo] 
By using the relations i P(o)do =1 and : o P(o)\do = 6 
0 0 


the integration gives 


b= re (8) 
DS 9”? 


where o is the average converter dead-time. The probability of observing 7, is equal 
to the total live-time of the converter, and that of 7, to the total dead-time, so that the 
average counter live-time interval is given by: 


1 


se a 1 = 
t= (1—on') t + ont, = —4+ —p'o?. (9) 
Le 2 


(«’ = rate of pulses produced by the converter). 


Applying this result to the type-1 converter with ¢ = o9, and using (5), the efficiency 
and the relative error of the method are given by the following relations: 


po 1 (uo,)? ]~! 
1: —= 
Type i [: + i+ pa (10) 
Prigaeees M, (U5)? (1) 
7 2+ 2pog + (uy) 


(u’’ = rate determined by the counter live-time measurement method). The average 
dead-time interval for the type-2 converter can be determined by assuming that the 
probable number of pulses is equal to the probable number of events being found in 
the total live-time of the converter, i.e. u (1 —’o) = pe, or 


Fa (ea); 


Then the efficiency and the relative error are 


ye RS (70 — 17]! _ = 
Type 2: [: to | =(chpoy)’. (12) 
Bo pee I = eHo0 i 1 
ae es (13) 


These relations may practically be approximated by (10) and (11) for poy < 0.2. 
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A comparison of these results with (5) and (6) shows that the method has the property 
of reducing the error in determining the rate caused by the converter resolving time, the 
reduction factor being approximately 2/(vo,). The foregoing considerations implied 
that T >> Og. It can be shown that the relation (10) is valid for t > 269, and also, clearly, 
that the error reduces to zero if t = dy for the type-1 converter. The relation (12) applies 
approximately already for + > ¢9, and there is Ino significant reduction of the error 
calculated by (13) for the type-2 converter when + = Sy. 


IV. Live-time measurement error 


In the live-time measurement a difference may arise between the actual live-time 
interval (from the start of the interval to the occurrence of the event) and the measured 
value of the live-time interval introducing an errér which is repeated by every counted 
event. The error will, in general, depend on the gate and the paralysis circuit transients 
and the pulse shapes, but not on the duration of/a live or dead-time interval. Defining 
the time difference Az per interval positive, if the measured value of a live-time interval 
is larger than its actual value, the total live-time will be shorter by NAr than the measured 
value of T,, so that the efficiency of the system must be multiplied by the factor 


per. T,—NAt _ 1 
Be T, 1 + HR’ AT 


(14) 


(«'’— rate determined if At = 0; »’’’— rate determined including converter resolving 


time error and live-time measurement error). Comparing the relations (5) and (14) 
it can be seen that the live-time interval error At (by the presented method) corresponds 
to the counter resolving time t of the type 1 (by the counting method) in setting the 
limit to the highest rate « which can be determined with a given relative error, which is 
approximately | «At | or | uz|. It should be noted that the character of these errors 
is different, relation (5) giving the probable loss of events or pulses and (14) giving 
actual measurement error. Moreover, Az can be of either sign offering a possibility for 
compensation. 


As to the circuit sources of At and the esprit for compensation, the following 
may be concluded: an increase of Az is caused by the delay in the response of the paralysis 
circuit to an incoming pulse (pulse-integration effect). Such an increase can also be 
caused by a longer time-standard pulse if the time-counter is sensitive only to the 
amplitude of the pulse. A decrease of At (also to, negative values) can be caused by a 
longer time-standard pulse if the time-counter is sensitive to the integral of the pulse. 
Therefore, positive At, which is likely to appear due to the delay of the paralysis circuit, 
may be compensated by adjusting the length of the time-standard pulse and the integration 
constant of the time-counter. It may also be coricluded that Ar can be made smaller 
than the transient time of the paralysis circuit. 


V. Conclusions 


The method of determining the random event-rate by counter live-time measurement 
compared with normal counting methods has the] following advantages: 

(1) Basic independence of counting device resolving time. This characteristic is of 
particular interest in cases where t is variable and| difficult to reduce, as in pulse-height 
analysers. 
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(2) Reduction of the error caused by converter resolving time. Almost no correction 
is required for uo, <0.1, the error being less than 0.5%. This factor is particularly 
important when the exact character and value of the converter resolving time cannot be 
determined easily. 


(3) Live-time interval error At by the described method corresponds to the counter- 
resolving time + by normal counting methods, in limiting the highest rate « which can 
be determined with a given error | wAr|, or | wr|. (To determine the rate 4 = 106 s-! 
with an error of 1% Ar, ort, of 10-8 s would be required.) As the rate 4 can be deter- 
mined by the presented method by operating the system at any arbitrary rate lower 
than y, it will generally be easier to reduce At than t to a required low value. 


As any preset pulse-height analyser or a counter with paralysis circuit and electronic 
timer, already makes an essential part of the arrangement shown in Fig. 1, such equip- 
ment, using the counter live-time measurement, can be realized without increasing its 
complexity. 
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TTIEPECUETHAA CXEMA UMMITYJIbCOB C 
MCIIOJIbB30BAHHEM HOBOM CACTEMbI MHOTMX 
PABHOBECHbIX COCTOAHMU 
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Abstract — Résumé — Ansotauha — Resumen 


A pulse scaler using a new multi-stable system. The paper presents a new scaler, based on the 
use of a multi-stable system, in which the number of pulses entering the circuit is given by the 
position in time of a single internal pulse circulating periodically in the system. The new features 
in the proposed circuit are the method of determining the position of the periodic pulse with which 
the count is made and the self-synchronization of the internal pulses, which permits the use of 
pulse generators with fairly low periodic stability. The paper also describes how the efficiency 
of the circuit is calculated and gives the results of experimental work with it. 


Echelle de comptage des impulsions avec utilisation d’un nouveau systéme 4 plusieurs états 
@’équilibre. On propose une nouvelle échelle de comptage fondée sur lutilisation d’un systéme 
a plusieurs états d’équilibre, o4 le nombre des impulsions 4 l’entrée du circuit est déterminé a 
partir de la position dans le temps d’une impulsion interne qui est produite périodiquement dans le 
systéme. Les éléments nouveaux dans le circuit proposé sont: le procédé de détermination de 
Yinstant ot P’impulsion périodique permet de faire le comptage et l’auto-synchronisation des 
impulsions internes qui permet d’employer des générateurs d’impulsions 4 période de faible 
stabilité. Le mémoire décrit le calcul du rendement et indique les résultats de l’étude expérimentale 
du circuit. 


Tlepecueruaa cxeMa HMIYJIBCOB C HCIIOJb30BaHHeM HOBOH CHCTeMbI MHOTHX PaBHOBeCHLIX 
cocrosnuli. [Ipeanaraetca HOBasd MepecieTHad CxeMa, OCHOBaHHad Ha MpHMeHeEHHM CHCTeMBI 
C MHOTHMH PpaBHOBCCHBIMH COCTOAHHAMM, IPH KOTOpOH YcNO DoOcTyMaIOMMX Ha BXOI CxeMbI 
HMIMYIIBCOB OTCYHTHIBaCTCA HO MOIOKeHHIO BO BPe€MEHH OJHOTO BHYTPeHHErO MMIIysbCa, 
IWMpKyMpyroulero NepHowuyecKH B cuCcTeMe. HosbiM B Dpeynaraemoii cxeme saBsiaeTcA cooco6 
onpeyeseHuA NONOKeHHA NepwMORMYeCKOTO HMIyJIbCa, 0 KOTOPOMY IPOM3BOHMTCA cueT, H 
CaMOCHHXPOHH3alMaA BHYTPCHHHX HMIMYJIBCOB, DO3BONAIOMad IPHMeHHTb reHepaTOpbi MMIIysIb- 
COB HEBLICOKOH cTaOvIBHOCTH HepHoga. JjaroTca ouMcaHMe pacueta 3xpbeKTHBHOCTH M pe3vIIb- 
TATbI 9KCHEPHMEHTAJIbHOTO HWCCUICAOBAHHA CXeMBI. 


Escalfmetro de impulsos con un sistema multiestable. En esta memoria se describe un nuevo 
escalimetro basado en la utilizacion de un sistema multiestable en el que la posicién en el tiempo 
de un impulso interno aislado que circula periddicamente por el sistema indica el numero de 
impulsos de entrada. El circuito propuesto se caracteriza por el método empleado para deter- 
minar la posicién del impulso periédico que sirve para efectuar el recuento y por la autosincroni- 
zacién de los impulsos internos, que permite utilizar generadores de impulsos de estabilidad 
periddica relativamente baja. Se explica también cémo se calcula la eficiencia del circuito y se dan 
los resultados de trabajos experimentales con él realizados. 


1. Bsegenne 


OOpranpie NepecieTHbIe CXeMbI Ha QBOWYHBIX TeliKax He BHONHE yYAOBNeETBOpAIOT 
BCeM TpeOOBaHHAM B OTHOMICHHH pa3pelarolero BpeMeHU, HaleKHOCTH H MpOcToTsI 
KOHCTPykuMH, HW MepecueTHbie yCTpodicTBa elle HaxXOAATCA B pa3sBuTUuH. Kpome co3qaHHbIx 
CHelMasIbHbIX JlaMIl Wid AekaqHoro cyeTa — eKaTPOHOB WH IPOXOTPOHOB, KOTOpbIe 
nloka ele He HalWM OOmeTrO NPUMeHeHHA, NOABHIIMCh WH HOBbIe MeTOBI CyeTa Ha 6a3e 
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COBYra BO BPeMeHH TONORKeHUA OAHOTO NepHOAMYeCKOTO HMNyNbCa Nod DelicTBHeM 
c4auTaemoro umitysbca [1—4]. 


2. Onncanne u jelicrsHe cXxeMbl 


Tipautimnmaibiad cxema mpeyiiaraemMoro ycrpolicTBa n0Ka3aHa Ha puc. |. AmMnynpcuplit 
reHepatop G, 3alyckaeTca MepHOWYeCKH CBOHM MMITYJIbCOM, TIpOwesNHM Yepe3 
JMHHIO 3anepxKH L,, koTOpad onmpenenseT u Hepuon T umnynpcos. JInHua cocrouT 
M3 MHOXKeCTBA NOCIEMOBaTeENbHbIX CeKUMM c ORWHAKOBOK 3anepxKKoH. K Havany HHA 
u oK OTBORAM M@XKAY CeKUMAMM MPHCOeAMHeHbI M0 OAHOMY H3 BxXOZ0B 60KOB 
coBnaneHua Ky, K,, K,, ..., Ha KOTOpBIe Hairetasinen e yepe3 BNeMA 3aTep KKH 
OHO ceKIMH HOCTyNaeT UMMyIbC TeHepatopa G, c TeM xe CaMbIM NepHoyoM T, 
onpezemAeMEIM BTOpoi JHHHH 3anepxKKH L,. MocneqosatenbHo C 3TOH JINHHM BKIOYHO 
ycTpoiictso P, B KOTOpOM Mpa HocTymieHun UMMyEca Ha BxoN A nepecueTHOK CXeMbI 
CO3HaeTCA AONONHHTeIbHAA 3a0epxKKa BPeMeHH, PaBHaA 3aepxXKe OHOM CeKUMH 
mmHun L,. Ho nocrynnenua uMnynpcos Ha Bxgn A renepatoppt G, u G, paboratoT 
CHHXPOHHO H B 6noKe Ky, (B Hayane MMH) 3aperucTpupyeTca CoBMasenne, KOTOpOe 
noBTropseTcsa KaxobIi Nepwog. pu noctyniesum uMnoy/ibca Ha BXO MMnyJIbc reHepa- 
Topa G, 3afepxkusaetca B GnoKe P m copnagenve mosBuTcA B OnoKe K,. Copnanenue 
ocraeTca B 9TOM G6n0Ke WO MocrynmeHuA Ha BXOX BTOpOoro uMnysEca. Torna BHOBb 
cpaOaTEIBaeT ycrpoiicrBo P-umnyjbe renepatopa G, CaBHracTca elle pa3, coBlanqenue 
nosButca B Gnoxe K, u T.A. 


Puc. 1 
TipwxuunmanbHaa GnoK-cxema TepecueTHoroO ycTpolicrsa 


B kavecTBe WHIMKATOpOB COBMaeHHA BKJIKOWeHbI HEOHOBbIe JamnouKH. J[NMTeIb- 
HOCTb MMUyNbcoB O60HxX reHepaTopoB oJOKHAa OBITb MeHbIe BPeMeHH 3anepxKKK 
ogHO cexuuM nuHuu, 4YTOGRI He Momyyanoch coBlayeHuii B OByX coceyHux OnoKaXx 
OTHOBpeMeHHO. 

Takoe ycTpoiicTBo, onHako, B HelicTBuTenbHOCTH He 6yneT paOoTaTL, Tak KaK OHO 
tpe6yeT aGcom10THOrO paBeHCTBa HepHouoB reHepaTopos G, 4 G»,a ITO HCOCyLecTBUMO. 
Tlostomy Heo6xoHMO MpexyCMOTpeTb ycTpoiicTBO, KOTOpOe ckOppekTHpOBasIO GBI 
pacxoxkenve, BO BpeMeHM COBMAagaOuIMX UMMysIECOB B aHHOM OnoKe W3-3a He- 
paBencTBa TlepHoyoB renHepaTopos G, u Gp». 
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B nupeanaraemoii nepecueTHOH cxeMe OcyUlecTBIAeTCA CAMOCHHXPOHW34UNA HMMIYJIb- 
COB OT reHepaTopos G, u G, C MOMOMIbIO BbIXOZHOTO curHana 43 GoKa coBnayeHHa, 
Kak 9TO MOKa3aHO Ha puc. 2, Teneparop G, 3amycKaeTca He CO6cTBeEHHSIM HMIYNECOM, 
a NONYYeHHBIM OT 610Ka COBazeHuA Yepes IpOMexyTOYHBI reHepatop G3. Mocneaunit 
HeoOxXO2MM B KaYecTBe NpecOpa3zoBaTena MMMeqaHca, Tak KaK MHHMIO 3agepxKu L, 
HCuIb3A BKJIOYMTL HeEMOCpeqCTBeHHO K OIOKaM coBnageHua K. 


Ha puc. 2 noxasano B Gonee pa3BepHyToM BHae Takxe yctpolictso P. Umuynec 
co Bxofa A mocrynaeT B 3aTlOMHHarOLUy!O EMKOCTB Hi, u 3apsxaer ce. Teueparop G, 
3allycKkaeTCa OT MMMylIbca reHepatopa G3 pH HallMuMu 3apana B H, Mu ToNbKO B 
3TOM Cilyyae MOCbINaeT MMNYIbC BO BTOpylo 3allOMNHaroMylo emkocTb H,. pu stom 
cCHuMaeTCA 3apigq emKocru H, 4 cxema roTOBa NPHAMMaTb CJIeyIOWM UMNyIbC CO 
Bxona. Ycrpolictso H, (co BTopo 3anomunaroulelt eMKOCTHIO) B OTCYTCTBHH 3apama 
OT CHrHayla mporyckaeT HMMlysIbc OT reHepaTopa G, 6e3 NONONHHTeNbHOM 3azepxKKH 
B aMHHH L,. Takum o6pa30Mm, MMiyibc reHeparopa G, He CaBMraeTcaA HW CoBnayeHne 
OcTaeTca Ha mpexkHeM mecte. IIpu nammunn 3apana BH, umnymec oT WHHHM L, He 
nponyckaeTca NpaMo Ha G», NpoxozMT Yepe3 MunMto L, c 3anepxKOH, paBHOt 3anepxKKe 
omHok cexiwu muHuN L,. STa 3anepxKa MMMyibca reHeparopa G, nepenocuT cos- 
nafeHve B CneAyromMii Gn0K copnayenud. B apyroM Bapuante ycTpolicrso P npuBouHT 
K COKpalleHuio 3afepxXKH MMIlysIbca TeHeparopa G, pa NOcTyMeHHM MMIyIbca Ha 
BXO] HW TOrga WOslyuaeTcA CMelWeHHe MecTa coBnaneHHa B OOpaTHOM HanpaBnennu. 
Hob ycTaHapnmBaeTca C NOMOLIbIO 3aNycKa chelManbHoro MMUyibca B 60K Ky. 


Puc. 2 
Baox-cxema JelicTsyromero nepecyeTHoro ycrpolictBa 


IIpu NpamMom noctynnenwu uMiynbca CO BxXOJa B 3aNOMHHaroUlee ycrpoticrBo H, 
uMnyJIbC Tenepatopa G, MoxeT npuoGpecru CABUT, Np KOTOPOM coBHaseHve npo- 
NaqaeT M HaKomieHHad WHpoOpMauMsa B CxeMe TepseTcsa. JIA mpeqOTBpalllenua 3TOrO 
TIpewyCMOTpeHa 3anOMMHarollad e€MKOCTb H, M reHeparop G,, KoTOpsIe nomaroT 
cumTaeMbiit uMnysbc BH, Bcerga B OaronpusaTHbI MoMeHT, BEIOpaHHELi ¢ NOMOLIBIO 
3aepKaHHOrO HMMysECa OT G;. Peneparop G, o6ecnewmpaerT TakxKe 3apaaKy eMKOCTH H,. 


24* 


372 E. JKAKOB 4 OP. 


Unciopad eMKOCTb NepecieTa paBHa uMciy cexuMi muna L, vu OnoKos copnazeHua. 
STO yucO MOxeT G6bITb sIOGbIM, 4 ero MaKCHMaJIbHOe 3HaYeHHe Or paHH4MBaerca 
TOKO 3aTYXaHWeM HM paCIIMpeHHeM HMIyJIbca Mpu MpoxoxFeHMH Yepe3 MHuIO L,. 

HerpyHO OcyllecTBHTb C MOMOMIbIO 3TOM CXeMbI M PeBEPCHBHBIi cueT, MOCTaBHB 
QONOMHMTeENbHO elle OFHO ycTpolicTBO caBura MeCTa coBMayzeHuad B oOpaTHOM 
HanpaByieHHH. 


Ha puc.3 maerca nocneqOBaTeNbHOCTh BO BpeMeHH MMMyNbCOB pa3HbIx OOKOB 
cxembI. J[Jid oOnpeweneHHOCTH IpHHsATa DekaqHas \queltka, y KOTOpOK HHA L, AOUDKHA 
cocroaTs 43 10 cexuMii c 3anepxKol 0,1 T. Amnyscer reneparopa G,, pacnpocrpaHaro- 
wiwecd BAOMb MuHMH L,, Bcerqa pacipeneneHhl paBhomMepHo. CrarucTiyueckH pac- 
TIpeseNeHHbIe MMIlyJibcbl Ha BxoMe A CXeMbI |CO3HaIOT 3apay, B 3allOMHMHAaIOIyIO 
emxoctb H,, KoTOpbii 3ayepxXHBaeTCA HO mp¥xoya MMnysbca OT reHepaTopa G3 
(4epe3 KOPOTKy!o JIMHMIO c 3ayepxKO 0,2 T). Dra 3anepxKKa Hy2KHAa WIA OTAeCHHA 
BO BpeMeHH Tipouecca HakalIMBaHuA 3apsaa 3allOMMHarolllylo eMKOCTh H, oT 
mpouecca ero cHaTus. 3apaq B H, orpanmumBaetca WO HeOoOxoZMMoroO ypOBHA, 
He3aBHCHMO OT aMILIMTYHbI M YMCA MMIyJIbCOB, fonazaroluux B MepHon T. Mmmysipcet 
nOsaroTca B 3ANOMHHAIOIIy!o eMKOCTS H, Bcerga B ONpeteeHHbIM MomMeHT TepHosa, 
MW 3TO OrpaHMuMBaer ciyuaiHEli caBur uMMyibca reHeparopa G,. B pesysbTaTe 
MOCTYIMIeHHA AMITyJIbCOB Ha BXOJ, CXeMBI paccTOsHHe MeXKTy AMMyJIbcaMu TreHepaTopa 
G,, a Takxe u G, CTaHOBATCaA HENOCTOAHHEIM: N0CIIe KaxkAOFO CieTa OHO paBHO 1,1 T 
(y sroporo Bapuanta 0,9 T), a B OTCyTcTBuM cYeTa paBHo T. 


Puc. 3 
Tiopsyok uMnynEcos B 6m0Kax MepecueTHOrO ycTpolicTBa 


OcymecTBieHve caMOCHHXpOHH3allMH HMUysIbCoB reHepaTopos G, vu G, pu CoB- 
nayenum B mo060M 6yoKe K sBmserca OCHOBHBIM YCHOBHeM JIA dbyHKUMOHHpOBaHAA 
TepecueTHOH cxemMbI. CraGvsibHoe paBHOBecHOe COCTOAHMe CHCTEMbI ycraHaBMBaerca 
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IPH OnpeyeeHHOM caBure UMilyIbcoB OT G, u G, u Torga NepHogsl reHepatopos G, 
u G, papnbl. Kaxnqoe w3MeHeHHe 9TOTO CABHTa BbIBONMT CHCTeMbI W3 PaBHOBeECHA H 
co3qjaetT W3MeHeHHe aMIUIHTyObI wcxonawero umMnynbca Onoka coBnagzeHua. DSTO 
TIPHBODMT K OO6paTHOMy COBHTy MOMeHTa 3allycKa reHepaTopa HW paBHOBeECHe BOCCTaHaB- 
jiuBaetcs. 


Takum o6pa30M, copnagenve B mh060M On0Ke coBnazenua npn co6smo7eHHH 
ONpeneyeHHbIX YCHOBH ABIIAeTCH COCTOSHHeM craOwbHOrO OWHAaMMYeCKOrO paB- 
HOBECHA, KOTOPOe NOAWepxKNBaeTCA TO MOMeHTa COBHra coBMayeHHA B COCenHHK 60K 
NOX BIIMAHHeEM NMOCTynMBIerO Ha BXOX MMIyIbCa. B TakOM cMBICIIe CXeEMy MO%KHO 
Ha3BaTb CHCTEMOM CO MHOFHMH PaBHOBECHLIMH COCTOAHHMAMH. 


3. DehtbexTHBHocTs cyera 


OcHOBHBIM OrpaHHYeHHeM CKOpOCcTH c¥eTa 3TOM CXeMbI ABJINeTCA TO, YTO OHA B 
COCTOAHHM aBaTb TONbKO 1 c4¥eT 3a BpeMA ODHOFO TMepwoza reHepaTOpOB CxeMbI. 
Kpome 93Toro ACTOYHHKa NOTepb HEOGXOAHMO y4eCcTh elle MepTBOe BPeMA TPH Mporecce 
CHATHA 3apAaa OT NepBoro Haxonutena H,. Jjanee Mpi WOKaxKeM, Kak MOXHO NOACYMTAaTb 
abdexTHBHOCTL Mpeaaraemoii NepecueTHOH CXeMbI, UpeqNoNarag, 4TO Ha ee B BXOL 
TOMaaloT MMIMYyJIbChI H€3HAYHTeJIbHOK AJIMTeIbHOCTH, paciipeweneHHbIe MO 3aKOHy 
Tlyaccona. 


7lonyctuM BHaYare, 4ro MepHog JT C4yHTaIOMMX MMMyNbCOB, MOCTyMarolMnx OT 
TeHepatopa G,, MOcTOsHeH, a HaKOTeHHI 3apay B H, cHuMaeTca MrHOBeHHO, Cu4eT 
OyteT paBHEIM YHcHy MepHowOB, BO BPeMa KOTOpBIX HOcTynaeT OgMH WIM Gombe 
MMUyJIbCOB Ha BXO CXeMBI. Tak KaK BEPOATHOCTbh OTCYTCTBHA MMIYNBCOB B Hepvon T 
papHa e“T, TO BepOATHOCTh HOMagwaHva OFHOTO unm Gombe HMMyIbCOB Ha BXOT 
BO Bpema T paBHa 
Pp = 1 on eaT 


Tae n cpequee 4cNO HonayanHA Ha BXON B e2MHMLy BpeMeHH. Torna cpegHee wicno 
CYeTOB B e€JHHHUy BpemMenn GyneT 
1—e-aT 


a= —— (1) 


Pemtaa OTHOCHTebHO n, NONy4uM 


—  mQd—2nT) mT (mT) 
FF i a A i 


foe 2) 


CpapHene c oObitHbIMH TepecieTHBIMH CX€MaMH TOKa3bIBaeT, 4TO NpH HeOONBIUAX 
3arpy3kax HCCIIeMyeMo CXeMe MO%XKHO MPHIHCaTbh 3KBUBasIeHTHOe MePTBOe BpemMs 
0,5 7, a npx Oombumx sarpy3Kax OHO cTpemutTca K Mpeneny T. 

B jeticrsatembHOcTH Nepvogsl cueTa HeEODMHaKoBble — cielyIouui WOCcNe Kax oro 
cyera nepwog papex (1 -++ 0,1) T (+ unm — B 3aBMcuMocTH OT BapnaHTa), a T nepHoy 
reneparopa G, B OTCYTCTBHM C4¥era, paBeH NepHony reneparopa Gy. 

TouHle MOCYeTHI, OHAKO, MOKa3bIBalOT, 4TO, CCIM NPHHATD BO BHHMaHHe He- 
MOCTOAHCTBO NepHona, NOyyaeTcA KOppeKUMA DOpATKa DOMM Mpollenta, H OHA ABAeTCA 
6ecnpezMeTHOH. 


Kpome 9roro ecTb notepu C¥eTa u3-3a KpaiiHero BpeMeHH T CHHMaHHA 3apana B H,, 
B TeYeHHe KOTOPOrO NOCTyMIeHwA TepsloTca. Tak kaK NOTepH OTpaxKalOTCA Ha CcyeTe 
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TOJIbKO, ECM B OCTabHOe Bpema NepwHoga T—t Her noctymieHuii, BeposTHOCTb 
9THX TOTepb AaeTcA Ipou3BeeHHeM BeposTHOcTeH OOoux cobHTHI. 


B eqwHMly BpemMeHH TepseTcaA 
Am = mntept (3) 
cY¥eTOB MH HX Hao BbIuecTb u3 (1). Pemiaad OTHOCHTeJIbHO n, NONyYuM 


m mT 
pas "a | ee © 


KoppexuMoHHbiit MHOXKUTEIb 6M30K K eNMAMe M ETO IpHXxODuTca IPMMeHATb 
Tt 


1 
1—m 
JMIb B PeqKHX cny4aax pu Oonbumx Tt. 

Kak wu BO BCeX MepeCcueTHBIX cxeMax, BIIMAHMe opmMupyromlero yctTpolicrBa Ha 
BXOHe WM OTHNWUe CHMTaecMbIX HMMyNIbCOB OT | MeabHbIX enaer pacnpeyeenue 
nocTylieHuii Ha BXOA MepecueTHOM cxeMbI He crporo IlyaccoHoBcKkuM. Oro Tpe6yeT 
HOMOWHHTeENbHOM KOppeKUMM 4NCIa CYeTOB, HO B OOBIMHBIX cnyyasx, 9Ta KOppekuUA 
HeOonbimaa. 


4. Vi3smepenna 


Bum mpopesensl uccienopanua paGoTbl Weka MO cxeMe c yJVJIMHeHMeM HU C 
coKpalileH¥eM TlepHoga reHepatopa G, Ha 0,1 mpu cuere. Ha hororpadun (puc. 4) 
MOKa3aH CMOHTHpOBaHHbI Fekaguplii GnoK BMecTe c MOPMMPyIOWIHM ycTpoiicTBOM. 
Pa3smepsi Onoxa 150 x 175 x 36 mm. Ilepuox ocHOBHOrO reHepatopa G, 540 Hcex. 
Tenepatopsi G,, G,, G3, G, 6n11m 2% aqynIMMu OslokuHT-reHepaTopaMmy Ha jamnax 6HE6II, 
KoTOpble paGotamM C AHOAHbIM HalIps%xKeHveM 150|B 4 CpeqHHUM AHOZHBIM TOKOM 17 ma. 
MeptTsBoe Bpema dbopmupyromero 6n0Ka W3MepeHO C MOMOMIBIO reHepaTopa TBOIHEIX 
HMUYJIBCOB MU OKa3as0cb oKoNIO 100 HceK. 

Ycroitumpocts BO BpeMeHH ompeyeneHHoro |cocrosHHa cyera Oblia mpoBepeHa 
HeECKOJIbKO pa3 3a BpemMa oO 100 yacoB, np 3TOM He 6bINO HMKaKOrO JIO%KHOTO cyeTa 
WIM WOTepH cYeTa. DTO ABIIACTCA WOKA3ATEJILCTBOM G6e30TKa3HON CaMOCHHXpOHH3alHA 
COBMaJeHHA B CXeMe. 

IIpu naByBix kone6aHuax aHODHOTO ee no + 10% u— 27% u nanpsxenna 
Hakama 40 + 14% cxema paOotana BoomHe ycroiunBo. Ona nepenocwla 1 UMIyNbCHEIe 
TMOHWKEHAA aHOAHOTO HanpsKeHua Ha 30% upH |qMTenbHOcTH 1 MKcek, 22% — mpu 
100 mxcex, 13°% — mpu 30 mcex. 

AMIVIMTy1a CUMTaeMbIX HMITyJIbCOB ZOUKHa OpITb OT 15 Zo 50 B. 

TIposogsrea u3mMepenua addbexTuBHOCTH cYeTa uw ycTOMuMBOCTH CxeMbI Ha Gonec 
AUMTeIBHBIM CpOK. 


5. Ouenka HoBoli cxeMbI 


IIpeamaraemaa HoBasd MepecuerHad cxema OGslamaeT CieayIOWJMMM OCTOHACTBaMH: 

— Bsicrpora cuera — Ha uccneqyemoi yeka4ye Trpanw4Had uacrota cueTa Opa 
OKONO 2 MrKU, HO C YBEPeCHHOCTbIO MOXKHO si sk 4TO IIpHMeHeHue reHepaTOopoB 
6onee KOPOTKHX HMMYJIbCOB NO3BONMT NOAHATS ObIcTpOTy elle Ha MOpsATOK. 

— Manoe uyucno nam Ha Jexany — oT 2 90|3 gBOHEIX TpHonOB. Kak u3BecTHO, 
B OOBIMHBIX NepecueTHbIX CXEMaX HMerFOTCA 4 WBOMHbIX TpHOna Ha Aexazy, 4 Opicrpprx — 8. 
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Puc. 4 
BrewHuii Buy OCYUJeCTBIIeHHON AeKagbl NepecyeTHOM CxemMbI 


Masioe 4ucno sami yBeyIM4MBaeT HaeKHOCTb CX€MbI M TO3BOJIseT OCYLIeECTBUTb 
Manora6apuTHy!lo KOHCTpyxumMro. Kpome toro, oG6seryaroTca muTaHve M OTBOX Tena. 
TIpH npuMeneHuH NONyIpOBOAHHKOBbIX TPHOZOB WIM TOHHEJIbHbIX WMOOB; MX YCO 
B m~peamaraemMol cxeMe Takxe OyneT MeHbIIe B CpaBHeHHe c OObIYHbIMH CXe€MaMH. 

— Tipu rom xe 4ncuie 1aMIl MOXKHO MpOcTo OCcyIeCTBUTb NepecueT Ha s1060e 4nCIO. 
Ero MaKcCHMaJIbHoe 3Ha4¥eHHe JIMMHTHpyeTCA TONbKO 3aTyxXaHveM HM pacliMpeHHueM 
MMilyjibca B WMHHN L,. 

— YctTowwHBocTh H HayexKHOCTh CXeMbI xOpome, OnaroqapA BEICOKOMy NOpory 
cpaOaTbIBaHHA 3anepTbix reHepaTOpoB HM CAaMOCHHXPOHH3allMN COBMADeHHA, WIA KOTOpOH 
He HyKHa BbICOKad CTaGusIbHOCTh NepHonwa renepaTopos. 

— IIpu mencnpapHocTu cxeMbI cosnazeHuad TepsroTca u 39TO cCpa3y OOHapy2xuBaeTCA 
0 OTCYTCTBHM HHAuKalMu COBNayzeHuii. 

MoxHO oxkHAaTb, 4YTO 3Ta CHCTeMa HaiifeT IpHMeHeHHe He TObKO B MepecdeTHBIX 
CxXeMax, HO Take B LMDPOBON BLIYMCAHTeENMbHOK TeXHHKe, ellie B Ka4ecTBe MepeKsIO4aI0- 
iero yCTpolicTBa B MHOTOKaHaJIbHbIX CXEMaX BPEMEHHBIX H AMIMUINTY AABIX @HANH3ATOPOB. 
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DISCUSSION 


V. N. Kostié (Yugoslavia): Referring to the papers given by Mr. Radeka and Mr. Blave, 
I should like to mention the existing systems of logarithmic counting, in which there is 
no need for special correction of the counting losses due to the dead-time of the GM 
counters. Two such systems are described by H. B. de Bolt* and B. M. Lichtenstein**, 
and another is described in a paper presented to this Conference by Mr. Kovaé and 
myself***, These systems are especially suitable in portable instruments where it is 
required to measure a higher level of radiation. 


* TRE Trans. of Nuci. Sci. 74 (1959). 
** J, Appl. Phys. 28 (1957) 984. 
*** These proceedings, Vol. II, p. 445 


TPHMITEPHOE TMTAHWE TAPbI CUETUMKOB 
TEMTEPA-MIOJIJIEPA 


Ji. Mutpann wu B. Betres 
@®y3nyeckni Mucruryt Bonrapcxod AKAZEMHM HAYK 
HapoguaAs PecoysnukaA bonrapusa 


Abstract — Résumé — Annotanua — Resumen 


Trigger-feed of a pair of Geiger-Mueller counters. The paper proposes a new method of 
combining a pair of GM counters by means of a bi-stable electric relay. The principle of operation 
of the circuit and the experimental resultg obtained show that the method has the following 
characteristics: 

(1) The counter discharge is artificially quenched; 

(2) Operation of the counters is similar to pulse-feed operation, since the frequency of the 
applied voltage automatically varies for changes in the intensity to be measured, and the 
indications do not depend on the space-charge coefficient; 

(3) By using two tubes, the number of pulses is divided by 4; 

(4) As compared with parallel-connected counters, the proposed method has a shorter dead- 
time; 

(5) The output pulses are shaped and have a big amplitude so that they can be easily registered. 


Excitation d’une paire de compteurs de Geiger-Miiller par un circuit déclencheur. Les auteurs 
proposent un nouveau procédé pour le couplage d’une paire de compteurs de Geiger-Miiller au 
moyen d’un relais électronique 4 deux états stables. Le schéma de fonctionnement du circuit et 
les résultats des études expérimentales:-montrent que ce procédé présente les caractéristiques 
suivantes. 

1. Il permet l’amortissement artificiel de la décharge dans les compteurs. 

2. Le fonctionnement des compteurs est le méme que Jors de l’alimentation par impulsions, la 
fréquence de la tension de régime se modifiant automatiquement en fonction des changements de 
l’intensité 4 mesurer; les indications fournies sont indépendantes du coefficient de saturation. 

3. Deux tubes permettent de diviser le nombre des impulsions par quatre. 

4, Par rapport au couplage paralléle des compteurs, le temps mort du circuit proposé est 
plus court. 

5. Les impulsions produites ont une forme nette et une forte amplitude, ce qui permet de les 
enregistrer sans difficulté. 


Tpurrepsoe nutanve napbi cuetanKkos Teiirepa-Mionepa. B Hacroxuleh paboTe npegnaraetca 
HOBbIM cnoco6 coeyqwHeHuA Mapbi cueTuHKOB Terepa-Mromsepa MOcpexCTBOM 93/IeEKTPOHHOTO 
pene c (ByMa cTa6¥JIbHBIMM cocTosHHaAMH. M3 MexaHu3Ma JelCTBMA CXEMBI HM H3 IKCMepHMeH- 
TaJIBHOTO HCCIeqOBaHHA BHRHO, 4TO 3TOT CNoco6 paGboTHI uMeeT CleaYIoumMe CBONCTBA: 

1. OcymectBisetcaA UCKyCCTBeHHOe TallieHve pa3paga B C4eTUMKAaX. 

2. Pa6ota cyeTumkos aHajlorMmuHa paOoTe Mp MMMUyIbCHOM DMTaHMM, UpHyem yacToTa 
MMTaoulero HallpaxKeHUA ABTOMATHYeCKH MeHACTCA NP W3MeCHeEHHM ONpenesAeMOl MHTeCHCHB- 
HOCTH HW Noka3aHHA He 3aBMCAT OT KO3ulMeHTa 3anlOmHeHHA. 

3. Tipu nomoum 2ByX aMIl OCyUIecTBAseTCA eneHwve 4HCila MMIyJIbCoB Ha 4. 

4. Tlo cpapHeHuro c mapasienbHbIM COeqMHeHHeM CYeTYHKOB Upesaraemad cxemMa MMeeT 
MeHbIee MepTBOE BPema. 

5. Ucxogsuye uMiyaEchl POpMupoBaHsI HM MMerOT GONbUIyIO aMILIMTYAY, YTO NO3BONMeT 
HX erko peracTpHpogats. 
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Alimentaci6n por disparador de pares de contadores Geiger-Mueller. Se propone en esta mono- 
grafia un nuevo método de conexién de pares de ¢ontadores Geiger-Mueller mediante un relé 
electrénico con dos posiciones estables. 

Del mecanismo de funcionamiento del circuito y de los estudios experimentales se deduce 
que este método de trabajo posee las siguientes propiedades: 

1. Asegura una extincidén artificial de la descarga] en los contadores. 

2. Los contadores trabajan en forma andloga a|la de la alimentaci6n por impulsos, con lo 
cual la frecuencia de la tensién de alimentacién cambia automaticamente al variar la intensidad 
elegida y las indicaciones no dependen del Ilenado| 

3. Por medio de dos tubos se consigue dividir por cuatro el nimero de impulsos. 

4. Comparado con la conexién de los contadores en paralelo, el circuito propuesto tiene un 
tiempo muerto mas breve. 

5. Los impulsos de salida tienen forma y gran amplitud, lo cual facilita su registro. 


] 
MeptsBoe Bpema cueTunKkoB Telrepa-Mromnepa orpanw4uuBaer MX NpuMeHeHHe ANA 


W3MepeHHa H3IyyeHui GonbIWMx HHTCHCHBH! Hi. QTOT HeWOcTaTOK MOXxKHO H36e%KaTb 
YacTHYHO WH60 yMeHbINeHHeM MepTBOrO BpeMeHU CYeTYNKA, M60 NMTaHHeM NOcMeyHero 
NIYbCHPYIOIWMM HanpsKenHem [1]. YMenburenHa MepTBOTO BPpeMeHH MO2%KHO OCTH4b 
aByMa cnocoGamMM: a) HCKYCCTBeHHbIM ralleHvem pa3psana [2] u 6) cmeHol 3Haka 
NOWaHHOTO Ha HATb HalpsKeHUA B HayasIbHbIi MOMEHT BO3HHKHOBeHUA pa3pana [3]. 
Tlepprim cnoco6om ocTuraeTca yMeHbIWeHHe YHCIa MOOXKUTEBHbIX HOHOB, YYACTBYIO- 
IWMX B aBHHe, a BIOPLIM — TO, 4TO MONOXKUTEMbHbIe HOHbI COOupaloTcA 3a KOPOTKOE 
BPeMaA He KaTOQOM, a OM3KOCTORUIeH HATbEO 

B gauuoii paSote mpeaaraetca HOBbI cnoeon coeqvHeHMA Naps cyeTunKoB Teirepa- 
Miomnepa, KoTopbii oO6begHHAeT yKa3aHHbIe [Ba MeTOa AA paclmMpenna obnactu 
MX IIpHMeHeHHsA pH Oombwux HHTeHCHBHOCTAX. DTo oObeaMHeHMe AOCTHTaeTCA pu 
NOMOMA pelakcaljHOHHOTO pelle c ABYMA cTaOWIbHbIMH COCTOAHHAMH, TOWHeEe C 
CHMMeTPH4HOK CHyCckOBOH cxemMoi Vxxn3a-Mopnana [4]. Cnoco6 coenuHeHHa cyeT- 
4YHKOB C pellaKcalIMOHHbIM peyie yka3aH Ha puc. 1. 


Puc. I 
Cxema coe2HHeHH# C4€TYHKOB C| penaKcalMOHHbIM pee 
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Cxema pa6oraer cienyroulumM oGpa30m. IlycTb penakcalMoHHOe pene HaxXOAMTCA 
B TaKOM COCTOAHMH, TO aHOMHBIM ToK JI, papeH Hymo. Tloteniman anoga JI, upu 
ycnopuv, ¥ro R,>»)R, +R, papen Ey, a anona JI, — papen E,—I,,Ra, rae 
E, — muraroniee nanpaxenne, a I,) — anogHbiii TOK JI,. Ecnm nanpaxenua E, u Ey 
WM TapaMeTpbl CXeMbI BbLIOpaHbI Tax, uroOpr cymMa E, + (E,—Ig,Ra) Obmma MeHbIe 
HaYanbHoro paOouero HalipsxKeHua cuerauka I'M,, a cymma E, + E, Gsina Ont B 
paOoueit oOnactu creTunka M,, TO HoHM3alIMA WacT MMMyiEc TONBKO B CyeTuuKe T'M,. 
Ecnu aMnnuryaga MMiyibca, mosBJIsromlerocd Ha KOHWax conpoTuBieHHA R,, Sompuie 
nNopora YyBCTBHTeJIbHOCTH CXEMBI, TO B Heli CO3TaNYICA YCNOBUA DJIA pereHepaTHBHOTO 
mpouecca, BclIezcTBHe Yero OHa NepeligeT B cBOe BrOopoe cTaGubHOe cocTOAHHe. 
B 3ToOM cocToaHHM co3faqyTca ycnoBua gia pa6oTEr cyerunka ITM,. Bo sropom 
craOWJIbHOM COCTOSHMH CXeMa OCTaHeTCA AO Tex Nop, Moka B cYeTUHKe I'M, He BO3HHKHET 
MMNyJIbC, B Pe3yIbTaTe Yero OHA CHOBA BePHETCA B CBOE MepBOHAYaIbHOe COCTOAHME 


Caoiicrsa cxeMbl 


B pesybtate yxa3aHHoro cnoco6a paboTbI KaxKUbIi MMIMysIbC OMHOTO 43 CYeTYHKOB 
ONPOKHABIBAeT CXeMY H CO3MaeT YCIOBUA Da pa6oTHI Apyroro cyeTunka. STO aHasOrH4- 
HO HMINYAbCHOMy MTaHHIO C¥eTUMKA, 30ecb, OMHAKO, YaCTOTa M NepvHoy mHTarolero 
HanpsKeHHA 3ABMCAT OT HMHTCHCHBHOCTH M3JIVIeCHHA, a MPH aHHOM H3/IyYeHHH 
VW3MEHAIOTCA TO CTaTHcTM4ecKoMy 3aKoHy. Kpome Toro, np momonid npeanaraemoit 
CXEMbI MCKYCCTBEHHO TaCATCA pa3pAgbI B CYeTUMKaX, TaK Kak pH pereHepaTHBHOM 
mpowecce HalpsmkeHHe HATH CYeTYHKa, KOTOpbI NpousBe AMMybC, OrIcTpO yMeHb- 
wiaeTca HwOKe ero HavYanbHoro paGoyero HanpsxKeHuA. Ecnm cpaBHMTb paOoTy aByXx 
COCMHEHHEIX NapasiesIbHO CYeTAHKOB (puc. 2) c paboToi Napbi CYeTYHKOB, COC AMHCHHEIX 
10 cxeMe Ha puc. 1, TO HeTpy4HO NOKa3aTb, ITO NoceAHAA TelicrByeT kak cBoeoOpa3Han 
cxema nepecuera Ha 4, JleiicTBuTebHO, 0603Ha4HM 3aperucTpupoBaHHoe YicuIO uMn/CeK 
B OTICIbHBIX CYeTYHKaX, COOTBeTCTBeHHO, N, wu N,. H3 cnoco6a paborpl cxeMbl 
cnenyet N, = N,. Kaxapili cueTunkK HedyBCTBHTesIeH B MHTepBall BpeMeHa MexKAy 
OHM UMMMysIbCOM, CO30aHHBIM B HEM, H CJIENYIOWIMM HMMyJIbCOM, CO32a@HHbIM B 
pyro cyeTunke. Ha30Bem 3TOT HHTepBall BPeMeHeM BLDKHAaHHaA T. WACO MMIMyIbCOB, 
KOTOpoe Nonywnoch Obl B CYeTUNKe, ecm GbI OH paGoTan HenpepbIBHO, OyzeT: 


N,° = N,/(—tN)). () 
C apyrol cTopousi, cpeqHee BpeMA BbDKHTaHHA 
t=1/(N, +N) =1/2N, (2) 
Tlogctasnasa (2) u (1), nomysaem 
N,°=2N, (3) 


vin o6miee YHCIO MMITyIIBCOB, KOTOPOe OUOKHEI GEM ObI DaTb OBa COe¢AHHCHHbIX 
apasieqbHO cyeTuMKa C HelIpepbIBHbIM NHMTaHHeM 


NO = 2N,°=4N,, aN, =NO/4 (4) 


V3 (4), KpoMe Toro, BHZHO, 4TO NOKa3aHMA He 3aBHcAT OT BpeMeHU BEDKU TAHA, 
a cieqopaTesbHo, H OT KOSpPuOMeHTA 3allONHeHMA MTAIOWIerO HalipsKeHMA, 4TO 
ABIACTCA CYIICCTBCHHbIM MPeCHMYWIECTBOM CX€MbI B CpaBHeHH Cc OObIKHOBeHHBIM 
WMIYJIBCHBIM ITMTaHHEM CYeTYHKOB. 
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rM, 


Puc. 2 
Cxema napamienbHoro coeqMHeHuA DBYX C¥YeTHHKOB 


Pe3y.1bTaTbI ONbITOB 


[IpasunbHocts Bpipaxenna (4) Obiia mpoBepeHa cpaBHeHVeM “CsA AMNYyIBCOB B 
UByX CYeTYNKaXx, COCMMHEHHBIX MapasebHO 10 MpeaaraemMoi cxeme. Cxema onpiTHoit 


ycTaHOBKH NoKa3aHa Ha puc.3, BBuazy Hu3KOorG pabouyero HanpsKeHUA MpPpMMeCHeHHBbIX 
cyeTunkos CTC-5 ucnonp30BaHMe OTAesIbHOTO 


TIMTaHWA He ABIIAeTCA HeOOXOTMMBIM. 
Ha puc.4 qaHbi CueTHBIe XapaKTepHCTUKH, NONyYeHHbIe pu MOMOIM cxeM a u 6 
(puc. 3). 
Ha xpupprx 1 -u 2 BugaHO, 4TO B Upenenax 


SKCHePMMeHTaJIbHBIxX OWIM60K YHCHO 
MMNYJIBCOB, 3aPeTMCTPHpOBaHHEIX DBYMA COCAMHeHHEIMM MapasiiebHo cyeTuMKaMH, 
OOYYeHHBIMH CpaBHUTeIbHO cnaGoH MATeHC 


BHOCTbIO, PaBHO YMHOXKCHHOMYy Ha 
4 acny HMMyIbCcoB, MOslyYeHHBIX Ha cxeme pmc. 3,a. Kpupsie 3 u 4, nomyyeHHble 
pH BWHTeHCHBHOCTH B 3—4 pa3a Gonbiueii, He 0 


HOCTbIO COBMAaWaroT, TAK KaK Me€pTBOe 
BPeMA TapasiiesIbBHO COCIMHCHHBIX CYCTYMKOB MPOABJIACTCA CHJIBHECEe. 


330-4608 
eres 


30 


Puc. 3a 
Cxema OMbITHOM yeTaHOBKH 
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Puc. 36 
Cxema onsITHOH ycTaHOBKH 


N,MMO/MAH 


Puc. 4 
CueTHBIe xapaKTepucCTHKH, NOJYYeHHbIe NpH NoMoumM cxeM 3a u 36 


Cnyckopaa cxeMa c JByMa CTaOHMbHbIMH COCTOAHHAMM MO2KeT HCNOJIb30BaTbCA 
AIA TMTaHA Wapbl CYCTYHKOB C HH3KHM paOo4MM HallpsKeHHeM M TIO CcoesqMHeEHHIO, 
MOKa3aHHOMy Ha pyc. 5, KoTOpoe B CpaBHeHHM Co CxeMOii, NaHHOM Ha puc. 1, uMeeT 
TO IpewMyllecTBo, 4TO KpoMe TaWeHHaA pa3paya c HMM ocTuraeTcAd MM CMeHa 
TIOMAPHOCTH WOWAHHOTO Ha CYeTYHKH HalipmkeHua. Kak w3BecTHO, 3TO MpMBeeT K 
ele OOJbHIeMy YMeHbINeHHIO MePpTBOrO BPe€MeHH CYeTYMKOB, a CJIeqOBaTeIbHO, H 
CXEMBI. 


3aks1ro4eHHE 


TIpennoxen HOBBIT cnoco6 coeqnHeHHa cueTunKoB Teiirepa-Mromepa nocpezcTBOM 
9NEKTPOHHOTO pesie Cc JByMa cTaOHJIbHbIMH COCTOSHHAMH. DTOT cnoco6 paSoTE HMeeT 
cieqyloulwe CBOHMCTBa: 

(1) OcymectsnaeTca HcKycCTBeHHOe ralleHHe paspaya B CyeTUMKax. 

(2) Pa6ota cueTakoB aHaslorMuHa pa6oTre pH MMMyIbCHOM nMTaHHM, MpHyem 
YACTOTa NMTarollero HalpsKeHHA ABTOMATHYCCKH MeHAeCTCA IPH W3MeHCHHM ONpere- 
ACMOM MHTCHCMBHOCTH HM lOka3aHWA He 3aBHCAT OT KOIPDULIMeEHTAa 3anONHeHUA. 

(3) ipa nomomm gByx namn ocyulecTBIAeTCa WeneHve 4clIa MMMIyIbcoB Ha 4. 

(4) Ilo cpapHenuro c NapamienbHbIM COe¢AMHeEHHeM CYeTYMKOB MmpearaemMan cxeMa 
MMeeT MEHbIliee MEPTBOE BPeMaA. 
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(5) Ucxogsmue umiynecel @opmMuposans u| AMeroT GoubIlyio ammiHTyay, YTO 


MO3BONIAeT MX JIeTKO perHcTpHpoBaTD. 


Puc. 5 


Cxema OMbITHOH ycTaHOBKH 
JIATEPATYPA 


[1] LICHTMAN, S. W., Nucleonics 11 (1953). 
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[3] SMITH, P., Rev. Scient. Instrum. 19 (1948) 453. 
[4] SJIMOP, 9., CEHJIC, M., Snexrponuka B anepHot du3nKe, M3y-Bo uHoctp. sur. (1951). 


HIGH-VOLTAGE-POWERED TRANSISTORIZED 
PREAMPLIFIER 
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Abstract — Résumé — AnnoTayua — Resumen 


High-voltage-powered transistorized preamplifier. One of the problems that is frequently met 
in the field of nuclear electronics is that of coupling the signal from a high-impedance pulse-type 
radiation detector to a low-impedance transmission line. Radiation detectors and their associated 
counting equipment are often separated by a considerable distance and some efficient means 
of transmitting the signal from the detector to the counting system must be provided. In practice, 
a low-impedance coaxial cable is used for the transmission line and a cathode-follower or 
emitter-follower circuit is used to achieve the required impedance match. This paper describes 
a unique emitter-follower circuit that has been utilized very successfully at the University of 
Washington. 

The emitter-follower circuit is unique in that power for the transistor circuit is derived from 
the high voltage that is supplied to the radiation detector. The two pnp alloy-junction transistors 
employed in the preamplifier yield a voltage gain of unity over a dynamic range of from 1 mV 
to 5 V. Stabilization of the operating voltage for the emitter-follower circuit is provided by a 
small zener diode. The current drain of a typical remote-scintillation detector employing the 
circuit ranges from 0.35 to 0.65 mA when the high voltage is supplied to the scintillation detector 
is varied from 800 to 1500 V. The unit will drive 500 ft of 52-Q coaxial line with a 25% loss in 
pulse amplitude and has been used with remotely operated scintillation-type detectors and 
BF3-type neutron detectors with excellent results. 


Pré-amplificateur transistorisé avec alimentation haute tension. Un des problémes qui se posent 
fréquemment en électronique nucléaire est celui de l’adaptation d’un détecteur d’impulsions a 
grande impédance a une ligne de transmission 4 basse impédance. La difficulté est la suivante: 
les détecteurs étant souvent sensiblement éloignés des appareils de comptage connexes, il faut 
prévoir un moyen efficace de transmettre le signal du détecteur au dispositif de comptage. 

En pratique, on utilise un cable coaxial 4 basse impédance pour la ligne de transmission et 
un circuit a cathode asservie ou du type émetteur asservi pour obtenir l’adaptation d’impédance 
nécessaire. Les auteurs décrivent un circuit 4 émetteur asservi inédit, mis au point a I’Université 
de Etat de Washington ot il a donné d’excellents résultats. 

Ce circuit émetteur asservi est inédit en ce sens que le circuit transistorisé est branché sur la 
haute tension qui alimente le compteur de rayonnements. Les deux transistors 4 jonction pnp 
montés dans le préamplificateur donnent un gain de tension de un sur l’ensemble de la gamme 
dynamique, qui s’étend de 1 mV 4 5 V. Une petite diode Zener assure la stabilité de la tension 
de travail dans le circuit émetteur asservi. 

La consommation de courant d’un ensemble type détecteur-émetteur asservi-cable intermédiaire 
se situe entre 0,35 et 0,65 milliampéres lorsque la haute tension alimentant le détecteur varie 
de 800 4 1500 volts. Le dispositif permet de transmettre des signaux sur une ligne coaxiale de 
500 pieds (152 m environ) de long et d’une impédance de 52 ohms, moyennant une perte d’ampli- 
tude de l’ordre de 25%; il a donné d’excellents résultats avec des détecteurs a scintillations et 
des détecteurs de neutrons 4 BF3. 


BeicokosonbTHbIi 3HeprerTHuecKHii MpesBapHTeIbHbI yCHIHTeIb Ha TpaH3HcTOpax. OgHoit 
M3 mpoGjem, ¥acTO BCTpeyarolWuxcd B OONACTH ADePHO BNeKTPORMKU, ABIAeTCA mpo6nema 
CBA3H CMrHasla, MOYIWero C HMMyJIbCHOrO WeTeKTOpa M3sIy¥eHHH BbICOKOTO conpoTuBeHUA, 
c mmHueli Nepenay Hu3KOrO conpoTHBHeHua. Vubimu cnopaMH geTeKTOpsl u3inyyeHuit u 
CBAZAHHOe C HMMM C¥eTHOe OG6OpyOBAHHe YaCTO Pa3NEAIOTCH 3HAaYHTebHbIM PaccTOAHHeM, 


25 385 


386 


MO3ITOMY CileHyeT NPeYCMaTPHBaTbh HaexKHBIe C 
CdeTHYIO CHCTeMy. Tipaktuyecku iA JHHMM Tepe, 


W. E. WILSON, JR. AND A. W. WAKEFIELD 


ICTBa Hepeqaud CHrHaJla U3 ACTeKTOpa B 
aww MCIOIb3yeTcA KOAKCHAIbHBIM KaOesIb 


C HH3KHM COMPOTHBJICHHeM, a AIA NOWY4eHHA TpeOvemoit COrmaCcOBaHHOCTH MMMeyaHcoB 
MCOOJIb3yeTCA CxeMa C KaTOJHbIM BbIXOJOM MIM CKeMa C 3MUTTCPHbIM BbIXONOM. B yaHHoMm 
Hokage WaeTca ommcanve YHHKasIbHOM CXeMbI C JMUTTEPHbIM BbIXONOM, KOTOPaA YCHeLIHO 


HpuMeHaAach B BavimurrouckoM yHuBepcutete. 


CxeMa SMMTTeEPHOTO BEIXOAA ABJIACTCA YHMKAIbHOM B TOM CMBbICIIe, YTO MCTOYHHKOM SHEPIMn 
TpaH3ucTOpHo CX€MbI CJIYKHT BbICOKOe HallpskeHve, NOWaBaeMoe AeTeKTOpy H3JIVIeHHA. 


TIpumenenue B npeqBapuTebHOM ycusIMTeNe DByX 
P-N-p VBeJIMYHIO COMHVYHEIM TONYOK HallpaKeHUA 


BombTa 10 5 BombT. Cra6umu3alua padouero a 


oGecnewuBaeTcA HeOOMbIIMM 3e€HeEpOBCKHM HO0 

UMOHHBIM CLIMHTHJIUIAWHOHHBIM D€TeKTOPOM, B KOTO 
oT 0,35 70 0,65 MusHaMiep, B TO BpeM&, KaK BBICOK' 
UMOHHEIM DerekTop, u3MeHsetca or 800 go 1500 


be 


CMIaBJICHHBIX TpaH3ucTropos c mMepexoqOM 
B QHHaMmYecKOM WuMala3oHe OT 1 MHIIH- 
SOKCHHA TIA CX€EMbI IMHTTEPHOTO BbIXOza 
. Tlorpe6senue Toka THNMYHbIM DMCTaH- 
M IIpuMeHeHa JaHHaa cxema, kouieOneTca 
HalpsxKeHve, NoWaBaemMoe Ha CLUBHTHILIA- 
BOoNbT. IIpu6op o6cayxusaet 500 bytos 


KOaKCHasIbHOH sMHHM B 52 oma c noTepeli 25-npoveHTOB aMMJIMTYAbI WMMyJbCa; OH MCHOJIb- 
30BaICA C JMCTaHIMOHHbIMH eTeKTOPaMH CLMHTHWJUIAWUMOHHOrTO Tula u Cc HeMTPOHHBIMU 
HeTexropamMu Tuna BF3 c OTMHYHbIMM pe3yJIbTaTaMM. 


plantearse en la electrénica nuclear es el de acoplar 
ciones, de tipo de impulsos, cuya impedancia sea el 
impedancia. Asi por ejemplo los detectores de r: 
distancias considerables de su equipo electrénico 
eficaz de transmitir la sefial del detector a dicho eq 
el ajuste de impedancias requerido, se utiliza un cal 
de transmisi6n y un amplificador catédico o su an 
describe un circuito transistorizado unico en su géne 
de Washington. 

El circuito en cuestién tiene la particularidad de 
tensién suministrada al detector de radiaciones. Con | 
en el preamplificador se obtiene una ganancia de t 
1 mV a5 V. La tension de trabajo del transistor con 


Preamplificador transistorizado alimentado con ak 


tensién. Uno de los problemas que suelen 
a sefial procedente de un detector de radia- 
levada a una linea de transmisiOn de baja 
diaciones a menudo estan separados por 
ociado y es preciso encontrar una manera 
ipo electrénico. En la practica, para lograr 
le coaxial de baja impedancia en la linea 
ogo transistorizado. En este documento se 
utilizado con gran éxito en la Universidad 


ue el transistor esta alimentado con la alta 
s dos transistores de union PNP empleados 
sion unidad en un intervalo dinamico de 
arga en el emisor se estabiliza mediante un 


pequefio diodo Zener. El consumo de corriente de 
circuito esta comprendido entre 0,35 y 0,65 mA cua 
800 y 1500 V. El dispositivo alimenta 500 pies de c 


etector de centelleo distante que utiliza el 
do Ja alta tensién suministrada varia entre 
le coaxial de 52 Q con una pérdida de un 


25% en la amplitud del impulso. Se ha utilizado con excelentes resultados, con detectores de 


centelleo alejados y detectores neutrénicos de BF3. 


I. Preamplifier circuits 


Many of the recurring detector-transmission 
arise at a nuclear-reactor facility may be solve 
circuits shown in Fig. 1 (A, B, and C). The circuit 
type detectors while those of Figs. 1 (B) and 
ionization detectors. When direct connection b 
is desired, the circuit of Fig. 1 (B) is used and 
circuit of Fig. 1(C) is used. The circuit of Fi 
with BF,-type neutron detectors in circumsta 
impossible to directly connect the BF; detect 


reference to those located inside a nuclear rea 


preamplifier circuits are relatively obvious. 


bis impedance-matching problems that 


by employing one of the preamplifier 
of Fig. 1 (A) is for use with scintillation- 
(C) are for use with low-level pulse- 
ween the detector and the preamplifier 
hen remote connection is desired, the 
.1(C) has been employed extensively 
neces where it is either impractical or 
r to the preamplifier, with particular 
tor. The applications of the first two 
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6363 or 6292 PHOTOTUBE 


uf 
—- 
> 
— 


BF, Chambe 


BF Chamber 


Fig. 1 
High-voltage-powered preamplifier; circuit diagrams 
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All of the circuits shown in Fig. 1 are a version of a conventional double or stacked 
emitter-follower circuit [1] and only differ with respect to input and output arrangements. 
Thus, the heart of these circuits is a simple} stacked emitter-follower configuration 
which employs two 2N417 alloy-junction transistors in a circuit that yields a voltage 


n 
gain of approximately one over a dynamic ale of from 1 mV to 5 V. The unique 
feature of these circuits is not that of the ake design but in the fact that the power 


for the transistors is derived from the high vo 


tage supplied to the radiation detector. 


Stabilization of the transistor-operating potential derived from the detector high-voltage 
is provided by a small 15-V zener diode. The zener diode and the high-voltage dropping 
network are adjusted so that the eae re es potentials remain essentially constant 


over the operating range of the detector. The 
and the stacked emitter-follower circuit requi 
consequently, will not overload a conventio 
For example, the scintillation-detector circuit o 
from the high-voltage supply when the high 


arallel combination of the zener diode 


die a very small amount of current and, 


al type of high-voltage power supply. 
f Fig. 1 (A) draws from 0.35 to 0.65 mA 
voltage is varied from 800 to 1500 V. 


Thus, though this method of powering these circuits may seem to be unorthodox, it 
has, nevertheless, proved to be very economical, reliable, and convenient. 


Ii. Preamplifier construction 


The primary feature in the construction of the 


is simplicity. Conventional construction is ne 


board is used in all three preamplifier arran, 


three high-voltage-powered preamplifiers 
throughout and the same simple circuit 
ements. All of the components of the 


stacked emitter-follower circuit are mounted on this circuit board as shown in Fig. 2, 
component (2). This circuit board is then mounted on the output end-plate of a 
scintillation-detector housing or in a small aluminium box, depending upon the type 


type preamplifier and detector as follows: (1) 


utput end-plate of scintillation-detector 


of unit being constructed. Fig. 2 shows the tn component parts of a scintillation- 


housing, (2) universal stacked emitter-followe 


circuit board, (3) photomultiplier tube 


socket and voltage-dividing network, (4) ga scintillation-detector preamplifier, 


(5) photomultiplier tube, (6) fast-neutron s 
housing. Fig. 3 shows the various componen 
type preamplifiers as follows: (1) housing fe 
detector preamplifier, (2) BF, type neutron 


intillator, and (7) scintillation-detector 
parts of the pulse-ionization detector- 
rr the direct-connection pulse-ionization 
detector, (3) remote-connection pulse- 


ionization detector preamplifier, and (4) triaxial cable and connectors. 


Ill. Triaxial cable feedback 


The preamplifier for use in circumstances where remote connection of a low-level 
pulse-type ionization detector is required employs a novel feedback arrangement. 


Instead of the conventional input cable, this a 
input cable as pictured in Fig. 3, component 
is used to carry the signal and the high voltage, 


rangement involves the use of a triaxial 
4). The centre wire of the triaxial cable 
the outer shield is used as the grounded 


shield and the inner shield is connected to he output of the preamplifier as shown 
in Fig. 1 (C). That is, the output signal is fed oth on to the inner shield located between 


the centre wire and the grounded outer shield o 
greatly reduces the shunt capacitance loading e 
permits the transmission of the pulses from 


the input cable. This type of arrangement 
ect of the input cable and, consequently, 
a high-impedance detector over greater 


lengths of low-impedance input cable than do conventional means. The triaxial input 
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a 


Fig. 2 
Scintillation-type preamplifier; construction details 


cable feedback technique, as described above, was originated by BAum [2] for use with 
fission chambers and has been very successfully employed by the authors with BF, type 
neutron detectors. 

The equivalent circuit of the triaxial input cable feedback system is shown in 
Fig. 4 (A). This equivalent circuit and the following analysis are based on and are an 
extension of Baum’s work and contain the following assumptions: 

(1) The collection of charge in a BF; type neutron detector or in a similar low-level 
pulse-jonization detector may be approximated by 


g(t) = Q(1—e"") (1) 
where q(t) is the charge collected at any time ¢, Q is the total charge collected, 


and +t is the mean collection time of electrons and positive ions in the detector; 


(2) The mean collection time, t, is small compared to the time constant, RC, of the 
preamplifier input circuit; 
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Fig. 3 
Pulse-ionization-type preamplifier; construction details 


» 
°+— 2 — 


Fig. 4 
Triaxial input-cable feedbackj equivalent circuits 
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(3) The transit time through the triaxial cable is short compared to mean collection 
time in the detector; 


(4) The amplifier rise time and transit time is short compared to the mean collection 
time in the detector. 


In general, these assumptions are valid for triaxial cable lengths of 50 ft or less and 
permit the cable to be represented by a single lumped capacitance, C,. Thus, in the 
equivalent circuit of Fig. 4 (A), C, represents the total capacitance between the centre 
wire and the inner shield of the triaxial cable. As for the remainder of the symbols 
used in Fig. 4(A), the triangle enclosing the letter ‘‘A’”’ represents a non-inverting 
pulse amplifier with a voltage gain of ‘‘A” while “8” represents the fraction of the 
output of this amplifier which is fed back onto the inner shield of the triaxial cable. 
C, represents the capacitance of the detector; C,, the coupling capacitor between the 
centre wire of the cable and the amplifier input; and C;, the input capacitance of the 
amplifier. R, represents the high voltage dropping resistor; R,, the input resistance 
of the amplifier; and Rz, the output load-resistance across the amplifier. 

The ratio of the input and the output-pulse voltages of the amplifier portion of 
Fig. 4(A) is simply equal to the voltage gain of the amplifier, if assumption (4) is 
valid. Thus, 

&y = Ae, (2) 


where e, represents the input and ey, the output-pulse voltages of the amplifier. The pulse 
voltage, e,, delivered to the input of the amplifier is produced by R-C differ- 
entiation of the output pulse from the detector. The equivalent circuit of the input 
differentiating network is shown in Fig. 4 (B) in which C represents the total input- 
circuit capacitance, given by 


C=C, + 0,+ 6+ (i — Ap) G3) 
and R represents the total input-circuit resistance, given by 
R= R, R,/R, + Ry. 4) 


The ratio of the charge delivered by the detector, q(t), to the pulse voltage, e,, at the 
input end of the differentiating network is equal to the total capacitance of the network. 
Thus, 


q(t) = Ce, = Q(1—e—"). (5) 


The general differential equation describing the behaviour of an R-C differentiating 
network like that of Fig. 4 (B) is very well known and is given by 


LS ees 
ap? Re a : (6) 


Combining equations (5) and (6) and integrating the result with respect to time yields 
an equation that describes the pulse delivered to the input of the amplifier is as follows: 


ey = lac | [e-ne—erae] (7) 


which has a maximum value of 
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e, (max) = [FI] [ew] (8) 

which occurs at 
ey (Oe cae In (RC, 9 
i= Leas] [1° | (9) 


where ¢, is the time required for e, to reach its maximum value. Combining equations (2) 


and (8) yields 
9 (max) = [=] [ee] 


It should be evident from the foregoing considerations that a triaxial input cable 
with feedback is superior to the conventional coaxial input cable. If the former is utilized 
instead of the latter in conjunction with a non-inverting pulse amplifier so that Af is 
positive, the total input-circuit capacitance as given by equation (3) will be considerably 
reduced. This reduction in capacitance will, in| turn, increase the maximum output- 
pulse voltage of the amplifier as given by equation (10) and will decrease the time 
required for the output pulse to reach this maximum value as given by equation (9). 
In other words, the triaxial-cable feedback system reduces the shunt-capacitance loading 
effects of a moderately long input cable to inoed which occur with a very short coaxial 
cable. Furthermore, this reduction in shunt capacitance also improves the signal-to-noise 
ratio. The reduction is evident from the fact that the signal-to-noise ratio (2), S/N, 
in the circuit of Fig. 4 (A) may be approximated by 


= (constant) (e-41/7) . (10) 


= = Constant/C? . (1) 


IV. Preamplifier performance 


The high-voltage-powered preamplifiers which 
paragraphs have yielded excellent results with a 


The scintillation type of preamplifier has been em 
beta particles, alpha particles, fast neutrons an 
for these various types of radiations are used i 
preamplifier, typical output pulses that are o 


have been described in the preceding 
variety of nuclear-radiation detectors. 
oyed with scintillators for gamma rays, 
thermal neutrons. When scintillators 
conjunction with a scintillation-type 
tained are shown in photographs A 


through F of Fig. 5. These photographs were taken with a Polaroid Land camera of 
the pulses displayed on a type 545 Tetronix oscilloscope. The preamplifier arrangement, 
type of detector, type of radiation and oscilloscope settings for each of the photographs 
are listed in Table I. It is to be noted that photographs A and B indicate that the 
scintillation type of preamplifier will transmit a pulse over properly terminated coaxial 
cables of up to 500 ft in length with no distortion and with very little attenuation. The 
termination of the long cable in its characteristic impedance is required in order to 
prevent ringing. 

Typical output pulses obtained with pulse-ionization detector preamplifiers used in 
conjunction with a BF, type of neutron detector are shown in photographs G through L 
of Fig. 5. Photographs G and H were obtained with the BF, detector connected directly 
to the preamplifier and photographs I through L were obtained with an input cable 
between the preamplifier and the BF, detector. A comparison of photographs J and K 
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Fig. 5 
Typical preamplifier output pulses 


indicate that 50 ft of triaxial input cable with feedback produces a larger output pulse 
than that obtained with 10 ft of coaxial input cable. Furthermore, photograph L 
indicates that a preamplifier with 50 ft of triaxial input cable with feedback will success- 
fully transmit a pulse over coaxial cables of up to 500 ft in length which are properly 
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terminated. The triaxial input-cable feedback system does, however, produce pulses 
with much longer rise times than does a conventional coaxial input cable. 


In conclusion, it is believed that the simplicity of the design of the high-voltage- 
powered preamplifiers, their excellent reliability and their adaptability will make them 
invaluable in any nuclear laboratory. 


TABLE I 


TABLE OF CONTENTS FOR FIGURE 5 


Photo Type of Type of Scale Factors Circuit Cable Length 
Radiation Detector Vv H (Figure 1) Input Output 
A y Nal (TI) 500 2 A None 10 ft, cx* 
B y | Nal(Ty 500 2 A None | 500 ft, cx* 
Cc B | Anthracene 20 2 A None "10 ft, cx 
D a ZnS (Ag) 100 =| 5 A None | 10 ft, ex 
E n ; H-ZnS(Ag) 100 5 A None 10 ft, cx 
F | n | B10-ZnS(Ag) 20 10 A None 10 ft, cx 
| G n BF; 10 2 B | None 10ft, cx 
| H n BF; 10 2 B None | 500 ft, cx 
1 oT n_ | BF; 10 “10 Cc 10 ft, tx | 10 ft, cx 
; 4 n | BR; 5 10 C | SOft, tx 10 ft, ex 
K n | BF; ' 5 10 Cc | 10 ft, cx | 10 ft, cx 
L n | BF; 2 10 C | SOft, tx | 500 ft, cx* 
| at! i 
V = Vertical scale in mV/division 
H = Horizontal scale in ys/division 
ex = Coaxial cable, Amphendl type 21-291 
tx = Triaxial cable, Amphenol type 21-527 
* = Designates output cables terminated with a 50-9 resistor 
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TRANSISTOR PRECISION PULSE-SHAPER 
WITH SHORT RECOVERY TIME 
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Abstract — Résumé — Annotauna — Resumen 


Transistor precision pulse-shaper with short recovery time. A pulse-shaper with a short recovery 
time is very often necessary in nuclear electronics. The pulse-shaper which has the lowest 
recovery time is the one-shot multivibrator with RC timing-network. This type of timing network 
and the influence of transistor characteristics on the performance of this circuit are analysed. 
Some circuit modifications are suggested for obtaining (1) a pulse-width precision better than 
2% without the need for individual adjustments and (2) a pulse-width stability better than 1° 
over a 20°C temperature range. The circuit is so designed that use is allowed of transistors with 
a low base-emitter inverse-voltage like that of most of the fastest types. 


Dispositif de haute précision pour la mise en forme des impulsions, 4 transistors et 4 faible temps 
de récupération. Un dispositif de mise en forme des impulsions, a faible temps de récupération, 
est fréquemment indispensable en électronique nucléaire. Le dispositif ayant le temps de récupé- 
ration le plus faible est le multivibrateur 4 un seul coup muni d’un systéme de synchronisation 
RC. L’auteur analyse ce systéme de synchronisation et les effets des caractéristiques des tran- 
sistors sur le rendement du circuit. I] propose d’apporter au circuit certaines modifications en 
vue d’obtenir: 1° une largeur d’impulsion d’une précision supérieure 4 2% sans qu’il soit 
nécessaire de procéder a divers ajustements, et 2° une largeur d’impulsion d’une stabilité supé- 
rieure 4 1% sur une gamme de température de 20°C. Le circuit est concu de telle maniére qu’il 
permet @utiliser, comme pour les circuits ultra-rapides, des transistors 4 tension inverse base- 
émetteur faible. 


Tpan3HcTopHpni TOUHBI chopMHpoBaTesIb HMMY.IbCOB C KOPOTKHM BpeMeHeM BOCCTAHOBJICHHA. 
@opMupoBatenb HMMYIbCOB C KOPOTKHM BPEMeEHEM BOCCTAHOBIIECHHA ¥aCTO HeOOxOAuM B 
ATepHOK aQieKTpoHNKke. PopMupoBaTesieM HMUyAECOB c HaMGoNee KOPOTKHM BPeMeHEM BOC- 
CTaHOBJICHHA ABIACTCA KOPOTKHM MysbTMBHOpaTOp co cxemoi xpoHupoBaHua RC. [Ipo- 
aHaNM3MpOBaHbI WaHHbI BAA CX€Mbl XPOHHPOBaHWA HW BIMAHWE XapaKTepHCTUK TpaH3ucTopa 
Ha pa6oty 3To cxempl. IIpeqioxeHbI HeCKONbKO W3MeHeHHM cxeMbl AIA nOCTWKeHHA 
1) To¥HOcTH WMpHAEI MMMyIEca Gombe, vem Ha 2%, 6e3 HEOOXODMMOCTH HHIVBHAYasIbHBIX 
upucnoco6nennit W 2) craOunBHOCTH DIMpHHEI MMUyIbca Gombe, ¥em Ha 1%, npu Temnepatype 
cape 20°C, Cxema paccyuTaHa Takum o6pa30M, 4TO ZONycKaeTca HCnONB30BaHHE TpaH3uc- 
TOpoB c OOpaTHBIM HalpaxKeHHeM 9MUTTepa C HH3KOM OCHOBOM NOROGHO ToMy, Kak 3TO 
HaGmromaetca y Gombe yacTH Tpak3ucTOpoR. 


Formador de impulses de precisi6n, transistorizade, de corto tiempo de recuperacién. En elec- 
trénica nuclear es a menudo necesario un formador de impulsos de corto perfodo de recupe- 
racion. El formador de impulsos de periodo de recuperacién mas breve es el univibrador con 
periodo determinado por una RC. Se estudia este circuito y la influencia de las caracteristicas 
de los transistores en su funcionamiento. Se sugieren algunas modificaciones para obtener 
1) una precisi6n en la anchura de los impulsos superior al 2°, sin necesidad de ajustes sucesivos 
y 2) una estabilidad de la anchura de los impulsos superior al 1%, para variaciones de 20°C en 
la temperatura. Las caracteristicas del circuito son tales que se pueden utilizar transistores de 
baja tensién inversa base-emisor, por lo que pueden emplearse la mayor parte de los tipos de 
transistores rdpidos. 
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A precision pulse-shaper with a short recovery time is very often necessary in nuclear 
electronics. The most popular and most versatile transistor pulse-shaper is the blocking 
oscillator. Its main disadvantage is its long recovery time. Many solutions to our problem 
are discussed in technical papers [1—3], but the precision is generally reached in circuits 
with a long recovery time. 

Transistors have a low input-impedance, they store in the base region a charge that 
is large and moreover differs strongly from one transistor to another and the input- 
impedance at cut-off is very temperature-dependent. Therefore the transistor pulse- 
shapers generally have poor characteristics. These instabilities may be reduced by the 
use of RCL-type timing circuits. 

A simple and useful idea to overcome the temperature-time instabilities has been 
put forward by HAMILTON [4]. The circuit is the well-known emitter-coupled, one-shot 
multivibrator with the timing network in the base circuit. The author substitutes R, 
(see Fig. 1) with an inductive element so that the Ico, variations with temperature 
are ineffective upon the output-pulse duration. But the timing circuit is then an 
RCL type. 


Fig. 1 
Schematic of the studied circuit 


In the circuit proposed by J. J. SURAN [5] the output-pulse duration is dependent 
on the current gain of the transistors and presents a trailing-edge jitter as the result 
of noise, transistor thermal effects and bias-supply-variations. Most of these deficiencies 
must be attributed to simple RC timing-network and in order to obtain a substantial 
improvement the author proposes an RCL timing-network. 


The recovery time is the time during which the energy stored in the whole circuit 
at the end of the output pulse is reset to the rest value. In order to reset the energy 
stored in an inductance by applying a voltage pulse in a short time, the amplitude of 
this pulse must be correspondingly high. But this voltage pulse is limited by the parasitic 
capacity of inductors and of other components (barrier capacities of junctions) and 
by the rather low breakdown voltages of transistors. The resetting of electrostatic energy 
has not these difficulties because the inductance in series with the capacitors is reaily 
negligible and the transistors may carry all the current that is necessary. The emitter- 
coupled one-shot multivibrator with an RC timing network is then the best circuit 
for achieving short recovery times because it has only one electrostatic energy-storing 
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element, the timing network, that is used also as the Ac coupling of the feedback loop 
while the other coupling is Dc. 

The purpose of this note is then to discuss the results of the analysis of the basic 
circuit (see Fig. 1) in order to find what circuit modifications are necessary for obtaining 
a good performance with RC-type circuits. 

The characteristic phenomena and the spread of the parameters of the transistor 
and in particular those affecting the threshold level, the pulse-width stability and 
precision and the reproducibility must be taken into account. The analysis of the 
circuit [6] of Fig. 1 shows that the time-duration of the output pulse is affected by: 


(a) The spread of common-base radian-cut-off frequencies of TR,. During the first 
transient the diffusion charge and the charge stored in junction capacitance of 
TR, must leak off through the capacitor C, so that at the end of the first transient 
the voltage across the capacitor C is dependent on the spread of the common- 
base radian-cut-off frequencies of TR,. The percentage-change in the output-pulse- 
duration is nearly the same as the percentage change in the swing of the voltage 
across the capacitor C during the pulse. 

(b) The variations and spread of Ico,. The value of Ico at a given temperature and 
the influence of the base-collector voltage over the variation of Ico, due to temperature 
variations, differ from one transistor to another. The variation in Ico, flowing 
in the input resistors R3, Ry causes a variation in the base-voltage of TR,. The 
time-duration of the pulse changes, first owing to the variation of the collector 
current of TR, and second because of the corresponding variations in the ‘“‘snap- 
back” voltage. These two effects act to increase the duration of the pulse with 
temperature. 

(c) The variations and spread of Ico,. At rest these cause variations of the base-voltage 
of TR, and then of the voltage across C. During the pulse Ico, flows through the 
timing-network. These two phenomena affect the duration of the output pulse 
in an opposite way, but the influence of the latter is larger than that of the former. 
The overall effect is a decrease of the time-duration of the pulse with increasing 
temperature. 

(d) The spread of the current gain f. At rest the base-voltage of TR, is affected by f, 
and then the trigger level; the voltage across C and the pulse-duration are dependent 
upon f,. 6, affects the pulse duration in the same way as Ioc, does. 

(e) Of course, in addition, well-known factors which affect the operation of the 
corresponding vacuum-tube circuit must be considered. 


The effects of Ico, and §, variations and spread may be reduced to negligible 
proportions by making the parallel resistance R, of R; and R, sufficiently low. 

The effects of wa, Ioc, and f, spread and variations are minimized by the circuit 
of Fig. 2. The adopted solution consists of isolating the timing network from TR, 
during both the first transient and the pulse. This is obtained with the diode D, (it 
must be chosen for low-leakage current and low- storage charge) and, at rest, clamping 
the base of TR, with the diode D,. The coupling between the collector of TR, and 
the base of TR, during the first transient is made by capacitor C, so that the capacitor C 
of the timing network discharges only the diode D, while the base of TR, and D, are 
discharged by C,. Diode D, is cut off throughout the unstable state, preventing the 
Ico, from flowing through the timing network. Naturally C,R,g must be lower than CR. 

This solution also allows the use of a transistor with a low base-emitter breakdown- 
voltage like most of the fastest types. The regeneration loop time-constant is very 
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Fig. 2 
Schematic of the modified one-shot multivibrator 


dependent upon the large signal characteristics of TR, and the use of a diffused base 
transistor allows fast regeneration times. 


Many monostable muitivibrators were designed according to the analysis developed 
above. They have to be used in the nuclear electronics transistor system [7] built in 
our laboratory. 


The measured pulse-duration was a linear function of C with a good approximation 
down to 0.8 us. The non-linearity at shorter times is due to the interaction of condenser Cy 
with the condenser C in Fig. 2. The trailing-edge jitter of the output pulse at the higher 
values of the pulse durations is minimized by using only the linear part of the exponential 
decay or by linearizing the decay (the linearization of the decaying) of the voltage across 
the condenser C. The temperature tests have given a pulse stability better than 1% 
between 25°C and 45°C. The reproducibility in pulse duration over ten circuits, built 
with transistors with a wide spread of parameters, has been better than 2°/ against 
10% for a similar circuit without the diodes D, and D,. It is then possible to have good 
pulse-precision and reproducibility without necessitating individual adjustments of the 
circuits. 


The advice and aid of G. Giannelli and A. Termanini are gratefully acknowledged. 
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Abstract — Résumé — AsHoTayHa — Resumen 


10-MHz transistorized pulse-height discriminator. The paper describes a transistorized pulse- 
height discriminator with a resolving time of 100 m us. 

It is composed of a discriminator and a wave-shaping stage delivering standard negative 
pulses of 4 V and 60 ns. It covers a range of 0.5 V to 10 V for a pulse length of 40 ns. The 
triggering precision and the temperature and time drifts are approximately of 20 mV. 


Discriminateur d’amplitude transistorisé 10 MHz. Les auteurs décrivent un discriminateur 
d’amplitude transistorisé dont le temps. de résolution est de 100 ns. 

Il est constitué d’un étage de discrimination et d’un étage de mise en forme délivrant des 
impulsions normalisées négatives (amplitude, 4.V; durée, 60ns) et analyse des impulsions 
négatives dans une dynamique de 0,5 V 4 10 V pour des durées de 40 ns. La précision de 
déclenchement et les dérives en température et dans le temps sont de l’ordre de 20 mV. 


AMILINTY Abi HCKpHMHHAaTOp Ha HoJynpoBpoqHHKax B 10 Merarepy. ABTOpEI OIHCHIBaIOT 
AMILIMTY THI 7ACKPHMMHATOP Ha NOMYNUPOBORHUKAX, Paspelialollee BPEMA KOTOPOTO paBHAeTCA 
10 RaHOceKyHaaM. 

On cocTouT 43 JMCKPHMMHAaWMOHHOTO KacKaya uM kKackaya copMMpoBaHHA MMIVJIECOB, 
MCUYCKaIOlMero OTPHUATeNbHbIe CTaHAapTHble HMUYIIbCHI (AMIIMTY 0“, 4 V — qMTeNBHOCTEIO, 
60 ns). OH aHanM3upyeT OTPRUaTe_HbIC UMIYIIBCKI B Upenenax oT 0,5 V ao 10 V ana nponon- 
XKHTCMBHOCTH B 10 HaHOCeKyHy. TouHocTh cpaOaTbipaHva HW TemilepaTypHBIe mM BpeMeHuBIC 
apelidbl paBHarotca npwOnu3uTenbHo 20 mV. 


Discriminador de amplitudes transistorizado, de 10 MHz. Los autores describen un dis- 
criminador de amplitudes transistorizado, cuyo tiempo de resolucién es de 100 ns. 

Est4 constituido por una etapa discriminadora y otra conformadora que emite impulsos 
normalizados negativos de 4 V de amplitud y 60 ns de duracién. El discriminador analiza impulsos 
negativos en gama de valores comprendida entre 0,5 V y 10 V para una duracién de 40 ns. La 
precision de disparo, asi como la deriva en la temperatura y en el tiempo son del orden de los 20mvV. 


Description 


Le discriminateur proprement dit (fig. 1) est constitué par un amplificateur différentiel 
Q, — Q, de gain 10 et de bande passante 20 MHz. 

Le seuil est assuré par la diode D, entre collecteurs de Q, et Q,; on a ainsi une 
meilleure définition des seuils, puisque la caractéristique de diode, vue de I’entrée, est 
divisée par la pente des transistors. Cette pente est stabilisée par R, et Rg. 

Une difficulté réside dans le passage capacitif de fronts de l’ordre de la nanoseconde, 
pouvant provoquer, pour des impulsions de forte amplitude, un déclenchement du 
monostable. Afin d’y remédier, le couplage des émetteurs du différentiel est assuré 
par la diode D,. De plus, Q, est alimenté au repos par le générateur de courant Q;; 
on compense ainsi l’effet de la capacité base-collecteur de Q,. 

La diode D, protége ja jonction émetteur-base de Q, et compense la dérive thermique 
de D,. 
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Figure 1 
Schéma du discriminateur. 


L’étage de mise en forme (fig. 2) est un monostable, dans lequel la capacité de 


couplage classique est remplacée par un transformateur afin de permettre des durées 
de 50 ns. 


Au déclenchement, Q, se bloque et le transformateur oscille librement, définissant 
Vimpulsion de sortie (fig. 3). Lors du retour aux conditions initiales, Q, conduit et 
amortit le transformateur définissant une durée de récupération égale a celle de 
Vimpulsion. 


La plage de déclenchement de cet étage est de 500 mV a 5 V. 


Performances 


GAMME D’ANALYSE 


Les mesures faites avec des impulsions de 40 ns ont donné des résultats parfaitement 
linéaires de 300 mV a 10 V (fig. 4). 


L’amplitude minima est de 100 mV, Pamplitude maxima de 14 V. 
STABILITE DES SEUILS 


En fonction du temps. Le montage atteint son équilibre thermique en un quart d’heure; 
les fluctuations rapides sont de 10 mV. 


DISCRIMINATEUR D’AMPLITUDE TRANSISTORISE 10 MHz 401 


a) 


s+ JT 00001 
so 
¥6E AS UO9S > 
oO 
oud oy =, 
Cc) 


AQe— 


Figure 2 
Schéma du circuit de mise en forme. 


Figure 3 
Formes d’ondes. 
2 Vidiv, 20 ns/div 


En fonction de la température. On constate un fonctionnement correct entre — 15°C 
et + 50°C. La dérive thermique entre 10°C et 40°C est de l’ordre de 1 mV/°C. 


En fonction des tensions d’alimentation. Une régulation de 1% est suffisante pour 
assurer une dérive des seuils inférieure 4 10 mV. 


TEMPS DE RESOLUTION 


Mesuré avec deux impulsions déphasables 4 récurrence faible, ce temps est de 100 ns 
(fig. 3 et 5). 
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En présence d’un «fond» a 1 MHz, et pour un temps de résolution de 100 ns, la 
dérive des seuils est de 500 mV pour 5 V d’amplitude du «fond HF». 


SENSIBILITE 


La courbe amplitude-durée de l’impulsion de déclenchement (fig. 6) permet d’assurer 
un fonctionnement satisfaisant pour des durées de 10 ns. 
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Sensibilité. 


L’incertitude de déclenchement est de 1 mV pour 1 V de seuil et de 3 mV pour 9 V. 


RETARD AU DECLENCHEMENT 
Donné par la figure 7. 
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Figure 7 
Retard au déclenchement. 
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Conclusion 


Ce discriminateur a un trés bon comportement 4 fréquence de récurrence élevée, 
et il est particuliérement stable. 

Il est associé 4 une décade transistorisée de 10 MHz afin d’attaquer les échelles de 
comptage classiques. 
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Abstract — Résumé — AnHoTauns — Resumen 


Pulse-amplitude multipliers using logarithmic amplitude-to-time conversion. The accuracy and 
limitations of multipliers based on logarithmic amplitude-to-time conversion using RC pulse 
stretchers are discussed with respect to their application for determining whether the amplitude 
product of two coincident pulses has a given value. Some possible circuits are given. 


Amplificateurs d’impulsions utilisant une conversion logarithmique temps-amplitude. L’auteur 
étudie la précision et les limitations des amplificateurs fondés sur la conversion logarithmique 
temps-amplitude et utilisant des allongeurs d’impulsions RC, afin d’établir si ces appareils peuvent 
servir 4 déterminer Ja valeur du produit des amplitudes de deux impulsions coincidentes, Il 
décrit en outre plusieurs circuits possibles. 


OG yeuookuTeIAX AMNINTY bl HMMYIbCOB C HCHOJb30BaHHeEM JorapHdMHyecKoro mpeobpa30- 
BaHHA AMILIMTYAbI BO Bpema. O6cy2xxMaroTca Upeye NOrpenHOCTH M OrpaHvueHus YMHOXUTENeH, 
OCHOBAaHHEIX Ha JOrapHdMayeckoM Upeobpa30BaHHM aMIVIMTYAbI BO BPeMA, C MCIIOJIb30BaHHEM 
pacuimputeneh umiyipcop RC; 9To genaeTca B CBA3H C HX UPMMeHeHMeM AIA BbIACHeHBA 
BOnpoca O TOM, HMEeeT JIM ONpeCIeHHYIO BEHYHHY NPOWSBEAeHHe aMMUIMTY A OBYX COBNAaTaroOWIaX 
wMityiEcos. IipwBongaTca HeKoTopbie BO3MOXHbIe G6J10K-CXEMBI. 


Multiplicadores de amplitud de impulso usando una conversién logaritmica de amplitud en tiempo. 
La memoria discute la precisién y limitaciones de los multiplicadores basados en la conversién 
logaritmica de amplitud en tiempo empleando circuitos alargadores de resistencia-capacidad en 
relacién con su aplicacién para determinar si el producto de las amplitudes de dos impulsos 
coincidentes tiene un valor determinado. Indica algunos circuitos posibles. 


I. Introduction 


Several systems for determining the amplitude product of two coincident pulses 
have been described, which are based on a multiplication matrix, on amplitude-to-time 
conversion controlling integrators, on the subtraction of squares, and on performing 
multiplication by the addition of logarithms obtained with diodes or transistors. 
Multiplication can be also performed by the addition of conversion times of logarithmic 
amplitude-to-time converters, which has the advantage that such a conversion can be 
performed using linear elements and is not much influenced by temperature and other 
factors. In the following sections the characteristics, errors and limitations of multipliers, 
based on the latter principle, are discussed. 


II. Logarithmic amplitude-to-time conversion 


Logarithmic amplitude-to-time conversion is based on the exponential condenser- 
voltage drop when discharged through a resistance. The time required for the condenser 
voltage E, to drop from its value E to E, is equal to 
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E 
tf, = t In — 
0 


where + is the time constant of the resistance-condenser combination. f, is the amplitude- 
to-time conversion time if E is the amplitude of the pulse. For E< Eo tn =0. 

Fig. 1 shows a simple converter based on the above principle. The pulse is applied 
to the plate of the diode D. Through the diode the condenser C is charged approximately 
to the amplitude of the pulse. The actual conversion starts with the trailing edge of 
the pulse, when the diode-plate voltage falls below the voltage on the condenser. The 
Schmitt trigger circuit, STC, is brought into its quasi-stable state when, during the 
charging of the condenser, its voltage E, exceeds E, and returns to its stable state when, 
during the discharge, E, drops to E). The time interval within which the STC is in 
its quasi-stable state is thus the conversion time ¢, plus a time t which depends on the 
pulse length, shape and other properties. To better define the pulse shape and the 
conversion time, a pulse-shaper, PS is used to shape the pulse so that it has a steep 
trailing edge, which either starts with an external pulse applied to (a), or at its start gives 
a pulse at the output (b). The conversion time is then the time interval between the pulse 
on (a) or (b) and the trailing edge of the output voltage of the STC. 


Fig. 1 
A logarithmic amplitude-to-time converter. 
PS: pulse shaper, STC: Schmitt trigger circuit. 


Ill. Multiplier characteristics and errors 


When considering the multiplier characteristics one must take into account the fact 
that the pulses are, in most cases, applied to the converters through an amplifier, so 
that there is an upper amplitude-limit A, due to non-linearities in the amplifier (or in 
the converter). Assuming that both converters and amplifiers have the same properties, 
and that both pulse amplitudes satisfy the condition Ey << E< E,, the multiplication 
time is 


2 


P 
Tn = In, + fg = TIN =tinM 
Fo 


where P = E, x E, is the amplitude product. M = P/E? is the relative product, which 
shows how many times is P larger than the minimum possible product £3. The maximum 
possible value of M, M, = (E,/E,)*, is an important quantity which characterizes 
the multiplier as it gives the maximum-to-minimum product ratio which can be determined 
with the multiplier. 
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With respect to the maximum linear conversion time fp, (E = Ezy) and Ty, the 
multiplication can be divided into two regions, the lower for 0< Tm < fat and the 
upper for tar < Tm <2 tat, or what is the same for EZ < P < Ey ELorl1<M< V Mmax 
and Ey EL < P< E; or V Mmax <M < Mmax. A given product P can be obtained 
only if the values of E are within the limits Emin (P) and Emax(P) which are functions 
of P. The quotient Q = Emax(P)/Emin(P) is the most important quantity of the 
multiplier, as it gives the amplitude ratio within which the product P can be obtained 
with the multiplier. For the lower region we obtain 


Emin(P) = Ey Emax(P) < FE 
Q=P/EZ=M 
and for the upper region 


Ey < Emin(P) < Ex Emax(P) = Ex 
Q = Ei/P = M;/M. 


The maximum value of Q, Q, = E,/E) = VM, is obtained for Ty = tpi, i.e. at the 
limit between the two regions. 


When operating in the lower region the only condition that TJ, corresponds to 
P is E > E,, so that the multiplier should be operated in this region whenever possible. 
This is always possible if the multiplier is used only for determining whether or 
not the amplitude product has a given value. The operation in the upper region 
would have no sense in this case, as the converter amplitude-range from E) to Emin 
is not then used and an additional discrimination system for E > E,, is required (or 
E < Ey replaced by E < Enin). 

The actual multiplication time which is measured is 


Tu = Tm + ty +h, 


where ft, and ft, are additional converter times due to delays and other effects in the 
converters which may be influenced by jitter, by the pulse amplitude, or by the degree 
of coincidence, etc. For the determination of the multiplication accuracy, the changes 
of all variables and parameters in the above equation have to be considered by forming 
the total differential of Ty. This gives 


E E. AP A Ey t AE, 
Re = Asin di = 01 02 
AT = At; Roe ne op t B +At+At. 
The maximum error is the sum of the absolute values of all terms. As the maximum 
absolute values of At and AE) are the same for both converters it follows that, for the 
maximum relative multiplication error, 


AP| _|AP AE Art|. InM 


where ATy is the multiplication-time determination error. 


| AP AE, AE ,.. 
| P E, + e This error 


The first term 


is the non-linearity error equal to 
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limits the maximum value of E to Ey, due to the distortion in the amplifier and also the 
minimum value of E, since for small amplitudes the relative voltage drop on the con- 
verter diode in Fig. 1 may be large. 

The second term gives the influence of the discrimination-level (Ey) variations. This 
error may also set the lower limit of E) since AZ) is in fact a pc drift in the discrimination 
circuit which cannot be reduced below a certain value. 


: ; : Ay, oe At 
The third term gives the influence of the relative time-constant changes |—| and 
Tt 


is proportional to InM. This error may set the limit of the maximum obtainable relative 
F ; . Ar ; : ; 
product-ratio which can be achieved with a given —. As InM is also a function of the 
Tt 


amplitude-ratio Q, and is InQ for the lower region and In(Q2,/Q) in the upper region, 
the error given by this term may limit the maximum value of Q which can be obtained. 
As for the same Q InM is always smaller in the lower region, the operation in this region 
must be preferred. To illustrate this, InM as a function of Q is given below for the lower 
region, and also for the upper region for Q, = 10 (Table 1). 


TABLE I 


InM AS A FUNCTION OF Q 


fe) | 1 | 2 | 5 | 10 | 20 | 50, | 100 | 
lower region | 0 | 0.7 | 1.6 | 23 | 3.0 | 3.9 | 46 | 
InM : . 
upper region | 4.6 | 3.9 | 3.0 | 2.3 | | | | 


The fourth term gives the influence of time variations At, and Az, of the converters 
and of the multiplication-time determination error A7Tyy. The influence of these errors 


1 ‘ ‘ pe 
is proportional to the quotient InM/T,, = 7 80 that this error determines the minimum 


multiplication time 7, with respect to the required M or Q. By increasing 7, this term 
reduces to InM x ATy/Ty, i.e. it is proportional to the relative error of the multiplication- 
time determination. 

As an example, the errors of the multiplier shown in Fig. 3 will be discussed. For 
Q = 5(Emin = 15 V, Emax = 75 V) this multiplier has a multiplication time 7, = 10 us. 


E, A ; 
ror is P| <2% 2472] <ire mae[|S2]+|S]] <ars (4! 
P Ey F 
to be added as ix 7y is measured in this circuit) and 
2 . 
(|At,+An|+| A Ty )xam < (70 ee 1%) x In M= 5%, which gives a maxi- 
m 


mum multiplication error of 10%. A reduction of Q by a factor of 2 to Q == 2.5 would 
reduce the error below 7% (Tm = 10 us), and an increase of the multiplication time 
to Tm = 20 us only to 9%. With no synchronization of the trailing edges of both pulses 
|Ar, + At,| would have. the maximum value of 1.2 4s (coincidence resolution 1 ys), 
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which would increase the maximum error to 26%. In this case an increase of the 
multiplication time 7, = 60 us would be required to reduce the error to 10%. 


IV. Multiplier circuits 


In Fig. 2 the block diagram of a multiplication circuit is given where the logarithm 
of the amplitude product is proportional to the time difference between the pulses on 
output 1 and 2. The logarithmic amplitude to time-converters LAC 1 and LAC 2 are 
of the type shown in Fig. 1. The pulse-shaper of LAC 1 applies a square pulse of few 
microseconds length to the RC combination and gives on its output (b) the pulse 1 to 
mark the start of conversion and multiplication. The trailing edge of the output voltage 
of this converter starts the conversion in LAC 2. At the end of conversion in LAC 2, 
the trailing edge of its output voltage gives the end of multiplication-pulse 2. The start 
and the end of the multiplication pulses can be applied to a time-of-flight analyser 
which sorts and counts the number of events according to the logarithm of the amplitude 
product. If the multiplier is used only for the determination when the amplitude product 
has a given value, the pulse 2 is applied to the coincidence K, to which also is applied 
the pulse from the univibrator UV, which occurs with a given delay with respect to 
pulse 1. In this way on the output of K a pulse is obtained only if the multiplication 
time is equal to the delay of UV, i.e. if the amplitude product has a given value. 


E, E, 1 BLOCK SIGNAL 


TO TIME -OF-FLIGHT 2 
ANALYSER 


Fig. 2 
Block diagram of a logarithmic multiplier. 
LAC 1 and LAC 2: logarithmic amplitude-to-time converters, K: coincidence circuit, UV: uni- 
vibrator, S1 and $2: OR circuits, D: pulse-height discrimination circuit, G: gate. 


The circuit described so far can be applied only if the product is in the lower region. 
The required discrimination for E< E, is performed without additional elements. 
If the amplitude of either pulse is below E, the multiplication is not performed, as 
for E, < Ej no start-pulse is applied to LAC 2 and for E, < E, there is no multiplication 
end-pulse 2. Since, in the first case no conversion start-pulse is applied to LAC 2, its 
pulse-shaper is designed to start the conversion without an external trigger after a 
somewhat longer time than that of the maximum multiplication. 
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To extend the multiplication range into the upper region, additional elements, shown 
with dotted lines in Fig. 2, are required to discriminate for E > F,. The two input 
pulses are applied through the linear OR circuit S1 to the discriminator D, the output 
voltage of which blocks the gate G and prevents pulse 1 from being applied if either 
of the two voltages exceeds the maximum level. 


The triple OR circuit S2 gives, on its output, a block signal if required, which indicates 
that the multiplier is not able to accept a new pair of pulses to perform the multiplication. 

Fig. 3 shows a simple multiplication circuit which is used with a coincidence unit (1). 
This unit applies to the multiplier only pulses to be multiplied (£ => E,) which are 
shaped so that their trailing edges are coincident. It also gives a pulse which is coincident 
with the trailing edge of the former pulses, to mark the start of conversion. GCS are 
gated constant current sources which charge the condenser C, with a constant current 
iif E> £p. At the start of conversion the univibrator UV is triggered, so that the drop 
of its output voltage permits the condenser C, to be charged to a voltage proportional 
to Ty xi. After a time interval somewhat longer than the maximum conversion time, 
the univibrator UV returns to its normal state and discharges the condenser C; through 
the resistance Ri. This discharge gives a pulse on Ri proportional to 7 which may be 
applied, for the product determination, to an amplitude analyser or a differential 
discriminator. The output voltage of UV also blocks the coincidence circuit. The 
condenser voltages can be used directly as gating voltages for GCS, since the change 
of E, with time is always the same during the closing process (near E = E) so that 
in each conversion cycle the same additional charge is applied to Cj. 
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Fig. 3 
A simple logarithmic multiplier. 
GSC: gated constant current source, UV: univibrator. 


The ends of resistors R are connected to negative potentials A and 8B and not to 
ground as in Fig. 1. These negative potentials change the conversion time ‘4, from 
In(Z,/E,) into In((E, + A)/(E,) + A)) and equivalently t,), ie. add 4A to E, and B 
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to £,. This addition is required to compensate for the amplitude subtraction in the 
gates of the coincidence unit, and it becomes possible to perform the multiplication 
operation of the form (E, + A) x E). 


V. Conclusions 


The multiplication of two amplitudes can be performed relatively easily and over 
a wide range by using logarithmic amplitude-to-time conversion. The time required 
to perform the multiplication increases with the required accuracy and the required 
range of amplitudes and is usually above 10 us. The relatively long multiplication 
time is, in most cases, unimportant, particularly if the pulses are applied to the multiplier 
via a coincidence unit, which only appliestothem if they satisfy the multiplication criteria. 
If, in this unit, the pulses are also shaped, the design of the multiplicator itself can become 
very simple. Multiplicators using logarithmic amplitude-to-time conversion can be 
adapted easily to perform the operation (E, 4+- A)®: (E, + B)™. The exponent difference 
can be obtained by making the conversion time-constants of the two converters different 
and the addition of constants is performed by putting the end of the resistors R on 
negative potentials. 
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Abstract — Résumé — Aunotanaa — Resumen 


A particle identification system. Particles of different charge’ Z and mass M resulting from a 
nuclear reaction can be distinguished by a measurement of the differential energy loss A E and 
the energy E. The product A E x E is proportional to Z2M times, a logarithmic term which 
contains M, Z and E. It is possible to construct a function based on the expression of the product, 
which does not depend on energy. The reaction products can be identified by analysing the out- 
put of an analogue circuit, which forms an approximation of the desired function. Such a circuit 
is presented here. Two logarithmic pulse amplifiers, two adding circuits and two attenuators 
are the essential parts of the system. The logarithmic behaviour of the two amplifiers is determined 
by the forward current characteristic of a diode. 


Dispositif d’identification des particules. [1 est possible d’identifier les particules de charge Z 
et de masse M différentes produites par une réaction nucléaire en mesurant la perte d’énergie 
différentielle A E et l’énergie E. Le produit AE x E est proportionnel 4 Z2M fois un terme 
logarithmique dans lequel figurent M, Z et E. Il est possible de construire une fonction d’aprés 
l’expression du produit, dans laquelle l’énergie n’intervient pas. On peut identifier le produit de 
la réaction en analysant la sortie d’un circuit analogique, qui donne une approximation de la 
fonction 4 déterminer. Les auteurs décrivent un tel circuit. Ii comprend essentiellement deux 
amplificateurs logarithmiques d’impulsions, deux circuits d’addition et deux atténuateurs. Le 
comportement logarithmique des deux amplificateurs est obtenu a partir de la caractéristique 
de courant direct d’une diode. 


Cxema ofo38aBaHHa YacTHy. OGpa3yiolineca Ip azepHou peaklMM YaCcTHULI C pa3sIM4HRIM 
3apagamu Zu pa3siM4Hoi Maccoii M moryvT 6pirb on03HanbI DYTeM W3MepeHna TudbepenuMabHok 
noTepu sHepruu A E w sHeprun F. [Ipou3Benenue A E x FE nponpoumonassHo orapu@Muyeckomy 
ywleHy C MHOxKUTeNeM Z2M, cogepxaulemy B ce6e M, Z u FE. MoxHo MocTpouTh He3aBHCALTYIO 
OT 9HepraH yHKUMIO, OCHOBaHHYIO Ha BbIPAKeHHH 39TOTO MpoMsBezeHuA. OOpa3yiolineca 
pu peak MPOAYKTHI MOryT ObITh ONO3HAHbI NYTeM aHasIM3a BbIXOa MODeMpyrole»ro 
ycTpoiictpa, KoTopoe upHOnu3uTembHO w30GpaxaeT 2xKeNaTeNbHyIO dbyHKuMIO, B yoKnage 
onucbipaetca 3TO yeTpolicrBo. J[pa norapudMuyeckux YCHIMTeA MMIMyIIBCOB, UBa CYCTHBIX 
KOHTypa 4 aABa OcNaGuTesIA ABIAIOTCA BAKHCHUIMMM YacTAMH 3TO cxembI. JlorapHdpmuyeckoe 
Delictpvue O6oux ycunuteneli oupeyensaetca xapakTepucTHKOu MpAMOrO ToKa JHOMA. 


Sistema de identificacién de particulas. Las particulas con diferentes cargas Z y masas M que 
se originan en una reaccién nuclear pueden distinguirse midiendo la pérdida diferencial de 
energia A E y la energia E. El producto A E x E es proporcional a Z2M multiplicando por un 
término logaritmico que contiene a M, Z y E. Es posible establecer una funcién, basada en la 
expresién del producto, que no dependa de la energia. Se pueden identificar los productos de 
reaccién analizando la informacién procedente de un circuito analégico, que forma una aproxi- 
macién de la funcién deseada. Los autores presentan un circuito de ese tipo. Las partes esenciales 
del sistema son dos amplificadores logaritmicos de impulsos, dos circuitos sumadores y dos 
atenuadores. El comportamiento logaritmico de los dos amplificadores queda determinado por 
la caracteristica de corriente directa de un diodo. 


I. Introduction 


The differential energy loss of an ionizing particle in matter is described by BeTHE et al. [1]. 
BLocu [2] has modified their results and comes to the following expression: 
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1 dE 2nz2e# m >I, E41 4m, (1) 
“. = n -In 
N dx E Me mZI, 
with: N = number of atoms per cm} in the stopping material, 
ze = charge of the ionizing particle, 
m = mass of the ionizing particle, 


Ze = nuclear charge of the stopping material, 
Ig = mean ionization energy of the stopping material, 
m, = electron mass. 
It is shown by various authors [3] [4] that, by using this formula or an empirical 


sie ‘ A dE ; 
one, it is possible to construct a function of E and ax’ which depends for a good . 
x 


approximation only on m and Z and not on the energy of the ionizing particle. It is 
therefore feasible, for example, to identify reaction products from a scattering process 
by measuring the differential energy loss and the energy of the particles, if a pulse circuit 


exists which forms such a function from the two pulse heights “‘“E’”’ and -— — obtained 
from a detection system. dx 

It is the purpose of this paper to present such a function and the analogue circuit 
by which it is formed. Some results achieved with the circuit will be given. 


II. Identifying function 


: Pre : dE ; 
Since it is not possible to measure dx experimentally, but only the energy loss AE 
x 


in a thin sheet of material it is also necessary to take account of this fact in a practical 
formula. 
From numerical work with the aid of range-energy tables it turned out that the 


dE 
following formula is useful under widely varying thicknesses of the as detector: 
F =(E, + ASE) - ABP, (2) 


E, = E—AE = energy measured in the second detector, 
A and w are adjustable parameters, 
4 can be varied between 0 and 1, « has to be chosen in the neighbourhood of 0.7. 


dE 
Table I gives some results in the case of a CsI (Tl) crystal of 300 » as a ae detector. 


4 is chosen to be 0.5, » has been given two values: 0.74 and 0.67. For calculating AE 
the ORNL range energy tables of Aaron c.s. were used. 


ax LOG x 
es 
Y 
+ 
E-aE 


Fig. 1 
Logical scheme to form the function: log [{z +A— 1) 4E} AE +] 
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TABLE I 
CALCULATED RESULTS OF THE IDENTIFYING FONCTION 


Particle (Mev) oy) on 067 
| 
Proton 7.0 5.2 15.6 14.2 
10.0 3.5 16.5 14.4 
15.0 2.4 16.8 13.9 
20.0 2.0 17.7 14.4 
25.0 1.7 18.0 14.8 
30.0 1.5 18.3 14.4 
AF = 10% AF=7% 
Deuteron 9.0 6.7 24.1 21.4 
10.0 5.9 25.0 22.0 
15.0 4.2 28.2 23.5 
20.0 3.5 30.1 24.9 
25.0 2.7 28.1 22.9 
30.0 2.2 26.6 21.4 
AF = 25% AF = 10% 
Triton 10.0 99 32.7 29.3 
15.0 5.6 35.8 30.2 
20.0 4.5 37.8 31.5 
25.0 3.5 36.0 29.5 
30.0 3.0 35.7 28.8 
OF = 14% AF = 84% 
He3 26.0 18.7 150 125 
30.0 14.0 143 116 
35.0 12.0 145 116 
AF=5% AF=8% 
He4 27.0 22.4 174 145 
30.0 18.7 177 144 
35.0 15.0 174 141 
AF = 1.8% AF = 3% 


From Table I it can be seen that although Fo ¢, is favourable the Fy, also gives 
good results. The parameter # is therefore not very critical. The essential part of the | 
analogue process which creates the identifying function F, consists of forming a broken _ 
power of AE and multiplying it by the expression between the brackets. This can be 
done with the aid of two logarithmic amplifiers. Fig. 1 shows the arrangement. 


III. Simple logarithmic amplifier 


When we draw a semi-log plot of the forward current characteristics of some semi- 
conductor diodes, it is easy to see that the lines are straight over some distance. This 
is in agreement with the theoretical expression for the diode characteristic: 
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i= A(er"— 1) (3) 


with: 7 forward current through the diode 
v forward voltage on the diode 
Aandy = constants of the diode. 
In particular the characteristic of the OA9 (Fig. 2) gives a reasonable straight line 
between the 0.1 and 2.0-mA forward current. 


I 


I 


1000 


~-— LOWER CURRENT LIMITS 


100 
Tamb = 60°C 


oA 


0.2 0.4 06 0.8 
Vp (V) 


Fig. 2 
Forward current characteristic of the OA 9 


The variation of the line caused by temperature and aging effects are also shown 
in this Figure, which is taken from the manufacturer’s specifications. From these data 
we quote the following numbers: 

i Y’p 
20°C O0.1mA 0.15 V 

20mA 0.26 V 
lower limits: 0.21 V 


2.0mA 0.20V 


60°C 0.1 mA 0.09 V \ 
lower limits: 0.15 V \ 
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From these numbers we conclude that the influence of temperature and aging effects 
are hardly felt on the slope of the characteristic in this current region. 


Although semi-conductor devices are usually rather sensitive to temperature and 
aging effects it is possible in this case to construct a stable logarithmic amplifier because 
of the effect demonstrated above. A simple circuit along these lines consists of a linear 
amplifier serving as a current pulse generator loaded with a diode (Fig. 3). 


OUTPUT 


Fig. 3 
Simple logarithmic amplifier 


The speed of this circuit is determined by the speed of the diode: the nominal current- 
voltage characteristic is reached after 0.5 us from the beginning of a current pulse. 
It is therefore necessary that the input pulses should last 1 us. 

Although Briscos [5] reports unsatisfactory results with a similar circuit, the results 
obtained with the above-mentioned circuit show a satisfactory separation between 
protons and deuterons. The analogue circuit of Fig. 1 was constructed with the logarithmic 
amplifier just described, some cathode followers and resistor adding circuits. 


The system was tested with the reaction products of 10 to 25-MeV deuterons, impinging 
on a polyethylene target. In Fig. 4 the resulting pulse-height distribution from the 
analogue circuit is displayed together with a representative pair of E and AE spectra. 
The ratio between the proton-peak height to that of the valley between proton and 
deuteron peak is 95: 1. Stokes ef al. [4] report a ratio of 125: 1 in a case where proton 
and deuteron intensities were about equal. 

The above-mentioned simple logarithmic device has two disadvantages: 


(1) The maximum duty cycle of the circuit is 0.5 to 1%, otherwise base-line shifts on 
the diode will seriously distort the characteristic of the amplifier; and 


(2) There is no possibility of compensating for the remaining non-logarithmic behaviour 
of the diode. 


IV. Improved logarithmic amplifier 


To improve the duty cycle of the simple device it would be advantageous to apply 
a base-line correction. Since it is not possible to measure the current in the diode it is 
necessary to make this correction on the voltage across the diode, but with this base- 
line correction we have a voltage stabilization across the diode instead of a current 
stabilization. 

Fig. 2 shows that, with a stabilized voltage across the diode, the current varies a 
factor of 6 between the upper and lower limits of the characteristics for a temperature 
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LOGLE+(A-1) A EJAE # 


bE E 
Fig. 4 
Upper half: pulse-height distribution from the analogue circuit; Lower half: a pair of£; and 
AE spectra 


change of 40°C. To overcome this, it is necessary to stabilize the working point of 
the diode. Therefore the temperature has been stabilized to 35° + 1°C. The schematic 
of the improved logarithmic amplifier is drawn in Fig. 5. 


Transistor 7 (OC 44) serves as a current pulse generator and the OA 9 is the logarithmic 
element loading it. Transistors 4, 5 and 6 form a difference amplifier coupled to the 
input of the OC 44 to stabilize the voltage across the diode. The output circuit consists 
of the transistors 8 and 9. The input characteristic of transistor 8 (OCI71) is used to 
compensate for the non-logarithmic behaviour of the diode characteristic at high currents 
(above 5 mA). 


The following adjustment procedure is followed when a new diode has to be installed 
in the logarithmic amplifier. In series with the diode a resistance of 10 © is inserted. 
The difference amplifier is adjusted so that the voltage across this resistor is 0.5 mV 
as measured with a tube voltmeter (50 uA current). The resistor is then removed and 
a standard pulse of 1 V is applied to the input. The output pulse is chosen to be 
2.50 V + 1%. This is only important when it is necessary to give the amplifier a gain 
of a fixed value. 

Fig. 6 gives the characteristics of the two equalized amplifiers designed for the particle 
identification system. The deviation of the ideal behaviour is less than 5°% of the input 
pulses between 0.15 and 2.50 V. The same deviation is less than 25% for input pulses 
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1 2 3 4 5 6 
+ 
OC 140 OC 171 0C140 OC 44 OC 1M oct 
-95 ~18 ~18 -18 aH -18 


OUTPUT 


+18 
Fig. 5 
Logarithmic amplifier 


between 0.01 and 0.15 V. The deviation is always less than 1% of the value of the 
maximum input pulse or, in other words, the output pulses vary between 0.25 and 
3.0 V within an absolute error of 0.1 V. 


— ay T pr es So os oa 1 T—1—T 11-11] 


2+ 


OUTPUT (Vv) 


CHARACTERISTICS OF AMPLIFIERS 


see 
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INPUT (V) 
Fig. 6 
Characteristics of two equalized amplifiers 
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Abstract — Résumé — Ansotanua — Resumen 


Radiation-pulse transmission via a long cable without a preamplifier and/or a pulse transformer. 
In transistorizing a nuclear instrument, some revision of the input circuit is needed because of 
its inherent low input impedance. Three input circuits of voltage mode (No. 1), voltage-current 
mode (No. 2) and current mode (No. 3) are considered and compared. 


No. 1 mode is similar to the conventional vacuum tube circuit. The super-alpha boot-strapped 
emitter-follower with feedback biasing was devised and used successfully as a high input-impedance 
circuit of greater than 10 MQ without spoiling the DC stability. 


Almost all radiation detectors can be considered as current generators. Thus the output of 
detectors can be connected to the low input-impedance current amplifier. This is mode No. 3 
which gives excellent pulse height, but the upper frequency limit of the amplifier should be higher 
than 10 Mc because of the fast current pulse and low input-integrating time-constant. 


Mode No. 2 is the combination of Nos. 1 and 3. The output of detectors is connected through 
a resistor of about 100 kQ to the low input-impedance current amplifier. The resistor alters 
the input-integrating time-constant to the adequate value and lessens the electric circuit demand 
of the upper frequency limit to about 2 Mc. Moreover, the proportion of pulse height to radiation 
energy can be maintained. The resistor also serves as a safety device for gaseous detectors. 


The cable between the resistor and the current amplifier can be extended over 500 m without 
pulse-form distortion if a coaxial cable is employed while the amplifier input impedance of mode 
No. 2 is adjusted so as to match the characteristic impedance of the cable by a series of 
variable resistors. 


Thus mode No. 2 has been widely adopted for nuclear instruments such as a neutron soil- 
moisture gauge (BF; counter), a soil-component analyser (scintillation spectrometer), snow 
gauge (GM counter) and remote monitors. No preamplifier and no pulse transformer enables 
the operation of detectors in extreme environmental conditions such as high or low temperature, 
high neutron (gamma) flux, etc. A single coaxial cable enables the simple operation of detectors 
in remote positions. Scintillation gamma spectroscopy was not affected by a long cable pulse- 
transmission of over 500 m. 


Transmission d’impulsions de rayonnement par cable long sans Padjonction d’un préamplificateur 
ou d’un transformateur d’impulsions. Pour l’introduction de transistors dans les instruments 
d’électronique nucléaire, la faiblesse inhérente de l’impédance d’entrée exige certaines modi- 
fications du circuit d’entrée. Les auteurs ont fait une étude comparée de trois circuits 
d’entrée caractérisés par leur tension (systéme 1), leur tension-courant (systéme 2) et leur courant 
(systéme 3). 

Le systéme 1 est, dans une large mesure, analogue 4 celui du circuit des tubes 4 vide classiques. 
Les auteurs ont mis au point un émetteur-analyseur polarisé par contre-réaction; utilisé comme 
circuit 4 haute impédance d’entrée, dépassant 107, il a donné d’excellents résultats, sans 
affecter la stabilité du courant continu. 


Presque tous les détecteurs de rayonnement peuvent étre considérés comme des générateurs 
de courant. Ainsi, la sortie des détecteurs peut étre connectée a l’amplificateur a faible impédance 
d’entrée. C’est le systéme 3 qui donne une excellente amplitude d’impulsion; toutefois, la limite 
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supérieure de fréquence de l’amplificateur devrait dépasser 10 MHz, compte tenu de la vitesse 
des impulsions et de ia faible valeur de la constante de temps d’intégration a l'entrée. 

Le systéme 2 est une combinaison des deux autres. Le courant de sortie des détecteurs est 
connecté par une résistance de 105 © environ 4 l’amplificateur a faible impédance d’entrée. La 
résistance donne la valeur convenable a la constante de temps d’intégration a l’entrée et raméne 
a 2 MHz environ la limite supérieure de fréquence exigée par le circuit électronique. En outre, 
ce dispositif permet de maintenir la proportionnalité entre l’amplitude de Vimpulsion et énergie 
du rayonnement. Lorsqu’on emploie des détecteurs A gaz, la résistance joue également le réle 
de dispositif de sécurité. 

La longueur du cable reliant la résistance a l’amplificateur de courant peut atteindre 500 m, 
sans entrainer une distorsion de la forme des impulsions, a condition d@’employer un cable coaxial 
et d’établir, par le montage en série d’une résistance variable, la corrélation nécessaire entre 
Vimpédance d’entrée de l’amplificateur du systeme 2 et Vimpédance caractéristique du cable. 

En conséquence, le systéme 2 a été trés largement appliqué par les auteurs dans leur appareil- 
lage d’électronique nucléaire: jauge A neutrons pour la mesure de l’humidité du sol (compteur 
BF3), analyseur des éléments du sol (spectrométre a scintillations), jauge d’épaisseur de neige 
(compteur Geiger-Miiller) et appareils de contréle 4 distance. L’absence de préamplificateur et 
de transformateur d’impulsions permet A ces détecteurs de fonctionner dans de mauvaises 
conditions ambiantes: températures extrémes, flux intenses de neutrons (ou gamma), etc. L’emploi 
dun cable coaxial unique facilite leur utilisation 4 grande distance. La spectroscopie a scintillation 
gamma n’a pas été modifiée par la transmission des impulsions par un cable de 500 m. 


Tlepeqaya HMnyAbCHbIX W3/1y4eHHH Oo KaGesO Ha JaJIbHHe paccToOAHHa 6e3 npeABApATeAbHOTO 
yenneaua 4/amu 6e3 npeoOpasopanua uMnyEcos. IIpu nepesoge sgepubix upuGopon Ha 
TPaH3HCTOPLI, BBAAY UPWCylerO BXOMHbIM KOHTypaM MaNloro BXOZHOrO KOMILIeKCHOrO CO- 
TMIPOTHBIICHHA, MPHXOAMTCA HECKONbKO HepeCMaTpMBaTb 39TH KOHTYpbl. PaccmMarpuparoTca u 
CPpaBHUBaloTca Apyr C APYTOM TPH BXOZHBIX KOHTYpa, a uMeHHO (Ne 1) no BuzAY HanpsxKenus, 
(Ne 1) n0 BuaY HanpaxKeHuA u ToKa u (NO 3) Mo Busy ToKa. 

Koutyp No | o4enb oxox Ha OObIUHDH KOHTYp C S7IeKTPORHBIMH Jlamnamu. But nocrpoeH 
4YBCTBUTCJIBHBIA CneAAUIMi MeX@Hv3M W3JIVYeHHA allbcba-myuelt C KaTOOHO! Harpy3KoM u co 
CMelUueHHeM OOpaTHOH cBa3H; OH 6b ycUeNIHO ucnob30BaH 6e3 yulep6a Dna ycTowuMBocTH 
MOCTOAHHOTO TOKa B Ka4eCcTBe KOHTypa C OOubOIMM BXOQHBIM KOMIMICKCHBIM CONPOTHBIICHHeM 
cBbluie 10 MeraoMoB. 

Bonbmat uactb pagMaljMOHHbIX MeTeKTOPOB MO2KeT paccMaTpHBaTbCa Kak reHepaTOpbI 
Toka, TakuM o6pa30M, BbIXOMHbI€ CHTHasIbI D€TEKTOPOB MOryT HallpaBAATbCaA B YCHIIUTeNb 
TOKa C MaJIbBIM BXODHBIM KOMIJICKCHBIM CONPOTHBJIeEHHeM. ITO ycTpolicTBO COOTBeTCTBYeT 
Buy Ne 3, HW OHO TaeT BeIMKONeNHYIO aMILIMTYAY MMITYIBCa, HO BBADY 6bICTporo TOKa HMIYJIb- 
COB H Maso BXONHOM MHTerpupyioleli KOHCTAHTbI BPeMeHH BEPXHHii Npeyes YacTOTbi yCuIMTeIA 
AOUKeH TipespriatTb 10 mMerarepu. 

YerpotictBo Ne 2 sapiaetca KOMOuHaLIHen BUTOB No 1 un No3. Curnasbl qeTeKTOpa HaupaBIAIOTCA 
yepe3 COmpoTHBNeHve NpuOnM3MTeIbHO B 100 KuIOOMOB B YCHJIMTEIb TOKA © MasibIM BXOJHBIM 
KOMIVICKCHEIM ConmpoTHBnenmemM. ConpoTHMBlenve W3MeHseT BXOAAUIYIO MHTerpupyIoutyro 
KOHCTaHTY BpeMeHH JO HY2KHOM BeJIMYMHEI U CHyaKaeT TpeOoBaHHs, NPeAbABIIAeMbIc K BePXHEMY 
Iipewesy YACTOTHI BIEKTPOHHOTO KOHTypa UpHOmu3uTenbHO Wo 2 Merarepul. bonee Toro, 3TO 
YCTPOHCTBO MO3BONAeET COXPaHHTh MpOnOpuMOHabHOe COOTHOMIeHHe MEXAY aMIIKTY DON 
MMIlyibca MW 9Hepruelt pagqvauMv. OMuyecKOe CONPOTHBJIeHHe CHYKUT TaKKe UpeoxpauuTesb- 
HBIM YCTPOHCTBOM JIA ra30BbIX TeTeKTOpOB. 

KaGenb, coequHaroulmii CONpOTMBIeHMe C ycuIMTeNeM TOKa, MoxeT 6bITb npomoxwKeH Ha 
paccrosnne Oonee 500 Metpos Ge3 uckaxeHHa (OpMEI MMIyJIbCa, TPH YCIOBUM uCnO30BaHuA 
KOaKcHaIbHOTO KaGeJIN WH IPH YCOBMM, 4TO BXODHOe KOMMJIEKCHOE COMPOTHBJIeHHe YCHIMTeIA 
Ne 2 OyyeT COOTBETCTBOBATE XapakTepucTuKe KaGeuA IPH NOMOMM BKMFOYeHHOO KOMMMJIeKCHOTO 
HM MeHsArIOLeroca CONPOTUBIICHHA. 

Taxum o6pa30m, ycrpolictso Buna Ne 2 Grino B WMpoKol Mepe upucnocoGbsieHo K HallemMy 
aAjepHOMY puOopHoOMy OGopy10BaHHIO, kak HallpHMep kK HeliTpOHHOMY H3MepHTes10 BIa2xKHOCTU 
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nousbr (cyerauk BF3) anamw3aTopy cocTaBa HOU¥BbI (CUMHTHIUIANMOHHBI cnekTpometTp), 
TomuMHOMepy cHera (cuerauk Teitrepa-Mromnepa) H AHCTaHUHOHHbIM KOHTPOJIbHBIM [03H- 
MeTpw4ueckuM mpuOopam. OTcyTCTBHe NpelBapuTeNbHBIX ycuNMTeNed uM npeoOpa3zopateneit 
HMMYJIbCOB DelaeT BO3MO%XHBIM IIPHMeHeHHe 3THX JeTeKTOPOB Ha MeCTHOCTH B OcoGbIxX 
YCIOBKAX, KaK HalNIpHMep, NPM BbICOKHX WIM HUSKUX TeMMepaTypax, GbICTpOM NOTOKe HeiTpOHOB 
(ramMa-u31yyenni) uw T.a. Hanwune Torbko OAHOFO KoakcuasIbHoro kKaGesa yopomaer paGoty 
HeTeKTOpos Ha WasbHem paccrosnunu. Ilepeyaya HMOoYIbCOB No kaGeso Ha AasIbHe PaccTOAHMA 
cBbime 500 MeTpoB He NOBMMAAa Ha CUMHTHIVIAIMOHHYIO CMeKTpocKonHIo TaMMa-n3siyyeHnit. 


Transmisién de impulsos por cables de gran longitud sin preamplificador y/o transformador de 
impulsos. Cuando se transistoriza un instrumento nuclear, es necesario modificar en parte el 
circuito de entrada debido a la baja impedancia de entrada que presenta. Los autores estudian 
y comparan entre si tres circuitos de entrada de tipo voltaje 1), de tipo voltaje-corriente 2) y de 
tipo corriente 3). 

El tipo 1) es bastante parecido a los circuitos cldsicos de valvulas termoionicas. Los autores 
han disefiado una etapa realimentada con resistencia de carga en el emisor y la han empleado 
con éxito como circuito de entrada de elevada impedancia, superior a 10 MQ, sin alterar la 
estabilidad de las tensiones continuas. 

Casi todos los detectores de radiaciones pueden ser considerados generadores de corriente. 
Asi pues, es posible conectar la salida de un detector a un amplificador de corriente de baja 
impedancia de entrada. Este seria el tipo 3), que produce una amplitud de impulsos excelente 
pero, debido a la rapidez de! impulso de corriente y a que la constante de tiempo de integracién 
del circuito de entrada es baja, se requiere que el amplificador pudiera operar a frecuencias 
superiores a los 10 MHz. 

El tipo 2) es una combinacién de 1) y 3). La salida de los detectores se conecta al amplificador de 
corriente de baja impedancia a través de una resistencia de aproximadamente 105 Q.. La resistencia 
modifica hasta un valor adecuado la constante de tiempo de integracién del circuito de entrada 
y permite reducir el limite maximo de frecuencia del circuito electronico hasta unos 2 MHz, 
conservando la proporcionalidad entre la amplitud de impulso y la energia de la radiacién. La 
resistencia actia también como dispositivo de seguridad para detectores de gas. 

El cable que une a la resistencia con el amplificador de corriente puede Hegar a tener mas de 
500 m de largo sin que aparezcan distorsiones en los impulsos, empleando cable coaxial con su 
impedancia caracteristica ajustada a la de entrada del amplificador del tipo 2 mediante una 
resistencia variable en serie. 

Los autores emplean con frecuencia circuitos del tipo 2) en instrumentos nucleares como 
un higrémetro neutrénico para suelos (contador de BF3), un analizador de la composicién de 
suelos (espectrémetro de centelleo), un instrumento para medir el espesor de la nieve (contador 
G.M.) y en telemonitores. Como estos instrumentos no llevan preamplificador ni transformador 
de impulsos, se pueden emplear bajo condiciones ambientes muy severas: a temperaturas altas 
© bajas, flujos neutrénicos (gamma) elevados, etc. Un cable coaxial simple permite colocar el 
detector en un punto alejado. Los espectros gamma de centelleo no muestran variaciones aunque 
se transmitan los impulsos por un cable de mds de 500 m de longitud. 


I. Introduction 


In transistorizing nuclear instruments, some revisions of the input circuit are necessary 
because of its inherent low input impedance. Conventional vacuum-tube circuits can 
be considered as voltage-mode operation, but the simple substitution of transistors 
for vacuum tubes have proved unsatisfactory. We considered three kinds of input 
circuit, namely a voltage mode (No. 1), voltage-current mode (No. 2), and a current mode 
(No. 3) and compared them. The possibility of radiation-pulse transmission via a long 
cable without a preamplifier and/or a pulse transformer have also been successfully 
investigated. 
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II. Voltage mode 


Voltage mode No. 1 is similar to a conventional vacuum-tube circuit, but improve- 
ment is necessary to attain a high input impedance. 

Fig. 1 (a) is a diagram of a voltage-mode input circuit, where R is a load resistor for 
a detector and ranges from 10 kQ to 1 MQ. C, is a capacity between an output electrode 
of the detector and the other electrodes. C2 is an input capacity of an amplifier, VA. 
VA is a voltage amplifier with a high input impedance which should be greater than R. 
Then, the input time-constant is given as R (C1 + C2). 


No.1 No.2 No.3 
VOLTAGE MODE VOLTAGE CURRENT MODE CURRENT MODE 


Fig. 1 
Three modes of input circuit 


Most radiation detectors can be considered as current pulse generators. If the current 
pulse wave-form i is assumed to be, 


i=i(d ()) 
then the total output charge Q per single pulse is given by the next equation: 
Q= fide (2) 


The rise time of Q is determined by the width of the current pulse i as shown in Fig. 2. 
The voltage pulse V across R, C, and C, is Q/(C, + C,) when R(C, + C,) is longer 
than the rise time of Q. The rise time of V is the same as that of Q. Proportional and 
scintillation counters usually have a current pulse-width of 0.1—0.2 ys. Thus, the upper 
frequency limit of 2 Mc of the amplifier is enough for this mode. 


ice 


ath 
or 


Va 


Fig. 2 
Current pulse and its integrated voltage pulse 
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A high input impedance, greater than 10 MQ, was obtained by the circuit shown 
in Fig. 3 (D). We devised the circuit of Fig.3(D) and have named it “super boot- 
strap emitter follower’, the details of which will be reported in another paper in the 
near future. The effective impedance of R,, R, and R,; can be multiplied from 10 to 
100 times by the super boot-strap feed-back. Hence, comparatively low values can be 
used which result in excellent pc stability and a high current gain of the input transistor. 


(A) (B) (cd) (D) 
SIMPLE SUPER ALPHA BOOT- STRAP. SUPER BOOT-STRAP 
Fig. 3 


Emitter-follower improvements 


If overloading should occur as a result of bad operation or the circuit failure of high- 
voltage supply, the input impedance would decrease from 10 MQ to several kilo-ohms. 
This might destroy the detector and/or the input transistor. 


II. Current mode 


Current mode No. 3 is a new mode devised by WAUGH et al. [1]. The typical schematic 
circuit is shown in Fig. 1, No. 3, where CA is a current amplifier of very low input 
impedance (rj) such as 1—10 © [1]. The input time constant becomes r; (C, + C,) and 
is smaller than the current pulse-width. Therefore, the input current signal to the 
amplifier, CA is exactly same as that to the current output pulse i(#) of the detector. 


This allows fast counting because of fast, narrow current-pulse wave-form. But, 
for the higher upper frequency limit of the amplifier more than 20 Mc is necessary. 

Dangerous situations in the case of amplifier overloading are not improved even 
if the input impedance of certain feed-back current amplifiers increases from approximately 
10 © to several kilo-ohms in the event of overloading. 


IV. Voltage-current mode 


Voltage-current mode (No. 2) is a combination of Nos. 1 and 3. The typical circuit 
is shown in Fig. 1 (2), where R lies between a detector and a current amplifier, CA in 
series. CA is the same as No. 2. 


C, and C, are separated by R and usually C,R >» current pulse-width > C, r;. The 
current output pulse of the detector is once integrated by C,R and the voltage pulse 
V = Q/C, appears across C, and decays exponentially with the time constant of C,R. 
The decay current becomes the input signal of the current amplifier, CA. This signal 
current is given by the next equation, 
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I2=—e = GR e “ (3) 
This signal current has a rise time identical to No. 1 mode. The amplifier upper frequency 
of 2 Mc is enough for this mode. 

There are several cases where the current integration is essential, such as with 
scintillation energy spectrometry or proportional-counter energy spectrometry. In these 
cases No. 2 mode is better than No. 3. 

The resistor R (— 100 kQ) also serves as a safety device in the event of the amplifier 
overloading and protects the detector and/or the input circuit from damage. 

In the transistor input circuit, the voltage-current mode (No. 2) seems to be the best. 


V. Pulse transmission via a long cable 


No. 2 mode, with some modifications renders it possible to operate radiation detectors 
at a remote position without a preamplifier and/or pulse transformer. 

The cable between R and CA in Fig. 1, (2) can be extended over 500 m without 
current-pulse wave-form distortion if a coaxial cable is used and a variable resistor 
(Tm) is inserted between the cable and the amplifier CA, as shown in Fig. 4, to secure 
the matched impedance termination of the cable. R should be higher than the cable 
impedance and should isolate the effect of C, from the cable end which should more or 
less terminate the open end of the cable end. 


Fig. 4 
Pulse transmission via long cable with matched impedance termination and the input circuit 
of the voltage-current mode 


In practical design, pc high-voltage, super-imposing on a signal coaxial cable, reduces 
the number of cables to only one as shown in Fig. 5. 


100 K 1M 
Say 2 = 


GEIGER, BF;, PROP. etc. 


SCINTILLATION 


Fig. 5 
Practical input circuits 
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The plateau curves of Geiger counters and a proportional counter are shown in 
Fig. 6, with 1-m and 200-m cable lengths. 
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WK 12K 13K LG 
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Fig. 6 
Plateau curves of Geiger counters and a proportional counter, with !-m and 200-m cable 
lengths 
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Fig. 7 


Csi37 energy spectrum taken by a scintillation detector with I-m and 200-m cable lengths 
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Gamma-ray energy spectrum, taken by a scintillation detector for Cs!37, is shown 
in Fig. 7 having 1-m and 200-m cable lengths. Slight pulse-height attenuation caused 
by an ohmic loss of the long cable was observed, but readjustment of the amplifier gain 
restored the same energy spectrum as that of the 1-m cable length. 


VI. Conclusion 


The voltage-current mode No. 2 has proved to be the best and has been widely adopted 
for our nuclear instruments. Long pulse-transmission is necessary for the neutron 
soil-moisture gauge for logging (BF, counter, LiF scintillation counter), the soil density 
gauge (GM counter), the soil-component analyser (scintillation gamma-ray energy 
spectrometer), the snow gauge (GM counter), the underwater detector (GM scintillation), 
and the remote operating monitors. 

No preamplifier and no pulse transformer enables the operation of detectors under 
severe environmental conditions such as high or low temperature and high neutron 
(gamma) flux, etc. Fission counters, BF; counters and other detectors can be operated 
in an atomic reactor without fear of the radiation damage of semi-conductors. 

A single coaxial cable enables the simple operation of detectors in remote positions. 

In addition, the low cable impedance and current amplification of this mode allows 
the input circuit to be matched to the detectors which have too large an inter-electrode 
capacity. Therefore, this method of operating promises to increase sufficiently the 
sensitive area of semi-conductor detectors. 
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Abstract — Résumé — AnnoTayna — Resumen 


Transistor-driven decade counter tubes. The possibilities of using transistors as drivers for the 
three existing types of decade counter tubes, namely, gas-filled decatrons, vacuum decatrons 
and magnetic beam-switching tubes, have been investigated. 

The Elesta gas-filled decatron EZ10B could be driven up to 800 kHz by a blocking oscillator 
using a PSI 2NI339 Mesa transistor. However, considering its price and reliability, the EZ10B 
seemed most suitable for a 250-kHz scaler using ordinary transistors, such as OC 44 and 
2N398, as drivers. 

In the self-locking mode of operation, the Philips E1T vacuum decatron was driven up to 
50 kHz using 2N247 transistors in conventional circuitry. However, it was found practically 
impossible to use transistors alone to drive the E1T in the fast model of operation, that of directly 
driving the locking deflection plate. The addition of a single ECC83 vacuum tube enabled us to 
obtain a double-pulse resolution of 0.3 us. 

With the new Burroughs BX1000 magnetic beam-switching tube a 0.3 us double-pulse resolution 
was achieved, using a flip-flop type driver employing 2N247 transistors. 

A direct Nixie readout has been used. 

Scalers using the three types of decade tubes and incorporating a precision discriminator and 
a provision for gating will be described. 


Décatrons excités par un montage transistorisé. Les auteurs ont examiné la possibilité d’utiliser 
des transistors pour piloter les trois types existants de tubes a décades: les décatrons a gaz, les 
décatrons 4 vide et les tubes 4 commutation magnétique. 

On a pu piloter un décatron 4 gaz Elesta EZ10B jusqu’a 800 kHz a l’aide d’un oscillateur de 
blocage utilisant un transistor Mesa PSI 2N1339. Cependant, vu le prix et la sécurité de fonctionne- 
ment, le décatron EZ10B semble surtout convenir pour un intégrateur de 250 kHz utilisant 
des transistors ordinaires tels que OC 44 ou 2N398 comme pilotes. 

L’introduction de transistors 2N247 dans un circuit classique a permis de piloter jusqu’a 
50 kHz le décatron a vide Philips EIT, en régime de verrouillage automatique. Cependant, 
en régime de fonctionnement rapide — fondé sur l’excitation directe de la plaque de déflexion 
assurant le verrouillage — l’excitation d’un E1T uniquement au moyen de transistors s’est révélée 
pratiquement impossible. Toutefois, l’addition d’un tube a vide ECC83 a permis d’obtenir une 
résolution d’impulsion de 0,3 us. 

Le nouveau tube 4 commutation magnétique Burroughs BX1000 associé 4 un pilote du type 
basculeur muni de deux transistors 2N247 a permis d’obtenir une résolution d’impulsion de 
0,3 us. On a utilisé un «Nixie» pour la lecture directe. 

Les auteurs décrivent des échelles de comptage utilisant les trois types de tubes 4 décades et 
comportant un discriminateur de précision ainsi qu’un dispositif de porte. 


Jlecaraunbie cyueTHbIe TpYGKH Ha NOJyNpoBOqEHKAaX, BbUIM W3VYeHbI BOSMOXHOCTH HCIOJIb- 
30BaHHA TpaH3HCTOpoR B KayecTBe BO3OYAUTeENeH WA Tpex CYINeCTBYIOWIMX BUDOB JeCATHYHEIX 
cueTHBIX TpyG6OK, a HMeHHO: HanosHeHHbIX ra30M JeKaTPOHOB, BaKYYMHbIX JeKaTPOHOB 
NepeksO¥aIOWAX MarHATHbI Wy4oK TpyGoK. 

px nchonb30BaHHn HallommeHnHoro ra3om Elestra qexarpoua EZ10B morna OpiTb WOCTHrAyTa 
uudpa sooth yo 800 KHNOorepu B CeKYHaY C TOMOMbIO GNOKupyrollero OCclMIIATOpa, UpH- 
MeHarommero Mesa TpaH3uctop PSI 2N1339. Onnako, ecru NpHHATh BO BHAMaHHe LleHy 4 CTeneHE 


* Tsrael Atomic Energy Commission. 
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HaqexkHOCTH, TO JexaTpou EZ10B ka3anca HanGosee NODXOAAINUM JIA NepecueTHOro yerpoiicTBa 
B 250 kuslorepy| B CekyHay, paOoTaromlero Ha OOBMHBIX TpaH3HCTOpax, Takix Kak OC 44 u 
2N398 B Ka4yecTBe BO36yauTeNe;l. 

Tipu camo3amuparoujem THe pa6orTsi B BakyyMHOM JekaTpoue Philips E1T Gina nocrurayTa 
uudpa B 50 Kuorepll B CeKYHAY; Npu 3TOM NCHOMb30BaNUCh TpaH3ucTopb: 2N247 B o6prmHOu 
cxeme. OuHako ObINO HaiiqeHO, YTO MPAakTMYECKH HEBO3MOXKHO HCIO/I3OBATH TOs bKO TpaH3HCTOPBI 
aia gexatpona E1T npu nanOonee 6picTpoM Tune pa6oTb, a MMeHHO, 111A 3anMparomelt 
OTKIOHAOWeH WlacTuHEl. JJONOuHMTeNbHOe VCHON_30BaHHe OHO BaKYYMHO;t Tpy6xu ECC83 
HanO HaM BO3MOXKHOCTb AOCTH4b ABOMHO UMMMYIbCHOM pa3pelliaromeli cnocobHOcTH B 
0,3: MukpocekyHaBI. 

C npuMebenveM HOBbIX, Nepexoyalol“x MarHuTHblt nyYOK TpyGoK, Burroughs BX1000 
qpolHadt WMUYIIECHad pa3pelliatomad cooco6uocTs B 0,3 MMKpOCeKYHObI 6blia OCTurHYTa 
pH HMCHONb30BaHHH MyYJIBTHBKOpaTopa c NpHMeHeHMeM TpaH3ucTopa 2N247. 

Ucnonb3opasica HeNOCpeaCTBEHHLIM OTCYeT TlOKa3aHHit Nixie. 

Byger yaHo onmcanve nepecueTHEIx ycTpoiicTs, paGoTarommMx Ha Tpex THMaX DeCATHYHBIX 
TpyGox, c HamM¥veM TOYHOTO ZuCKpHMMHaTOopa uw upu oGecneyeHHH NponycKanua CHrHasIOB 
B TeyeHHe OnpeyeneHHOro UpomMexyTKa BpeMeHH. 


Tubo contador de décadas accionado por transistores. Los autores han investigado la posibilidad 
de emplear transistores para accionar los tres tipos de tubos contadores a décadas que existen: 
decatrones gaseosos, decatrones al vacio y conmutadores magnéticos de haz. 

Con un oscilador de bloqueo que emplea un transistor PSI 2N1 339, lograron accionar hasta 
800 kHz un decatrén gaseoso Elesta EZ10B. No obstante, teniendo en cucnta su coste y 
seguridad, los autores estiman al EZ10B apropriado para una escala de 250 kHz, acompafiado 
de transistores corrientes como el OC 44 6 el 2N398. 

Operando por autopolarizacién, se consigue accionar al decatrén de vacio Philips E1T hasta 
50 kHz con transistores 2N247 en un circuito tradicional. Sin embargo, es practicamente 
imposible emplear sdlo transistores para accionar el E1T si se opera con el método rapido, es 
decir, actuando directamente sobre una de las placas deflectoras. Afiadiendo una sola valvula 
de vacio ECC83, se alcanzé un poder de resolucién para impulsos dobles de 0,3 us. 

Los autores lograron el mismo resultado con el nuevo conmutador magnético de haz Burroughs 
BX1000, empleando un circuito accionador con transistores 2N247. 

Registraron las mediciones directamente por el sistema Nixie. 

La memoria describe escalas que emplean tubos contadores a décadas de los tres tipos, y que 
disponen de un discriminador de precisién y de un sistema de puerta. 


The purpose of this paper is to describe the design and performance of three transistor 
scalers using the existing types of decade counter tubes, namely, gas-filled decatrons [1] [2], 
vacuum decatrons [3] [4] and magnetic beam-switching tubes [5]. The decatron tubes 
lend themselves quite readily to transistor drives and as such offer the obvious advantages 
of economy, simplicity and reliability, compared to the various converted binary schemes. 
It is believed that the three scalers to be described, having a double-pulse resolution 
of 2.5 us in the case of the Elesta gas-filled decatron and 0.3 us for the vacuum and 
magnetic decatrons, fulfil most of the present-day requirements of standard scalers 
in the field of nuclear physics. The addition of precision discriminators and coincidence- 
anti coincidence gating facilities add versatility to their features. 


I. Transistor-driven EZ10 scaler 


The Elesta gas-filled decatron scaler is shown in Figs. 1 and 2. Transistors T, and 
T, form an input amplifier in a current feedback arrangement, capable of accepting 
positive as well as negative pulses. Transistor T;, with its associated diodes and 
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tion level, whereas transistors T, through T, form 


imina 


the discriminator. The discrimination level 


potentiometers, fixes the discr 


is adjustable over a range of 0.1—1.1 V, 


depending on the setting of P,. The double-pulse resolution of 2.5 us and the discrimination 


level are unaffected when the input pulse is preceded by another input pulse as high 
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as 100 V. The back-to-back diodes at the collector of T, restrict the swing to + 0.2 V, 
while the back-to-back diodes at the collector of T,, which form a part of the discriminator 
regenerative loop, restrict its hysteresis to + 0.1 V. 


Transistors T,, Ty and T,, amplify and shape the pulses coming out of the discriminator. 
Ty, which is connected in series with the emitter of T,, acts as an electronic switch and 
functions as a “‘coincidence”, a “‘stop”, or an “‘anti-coincidence”’ gate. 


The Elesta EZ10B gas-filled tube is used as the first decatron. It is driven by a blocking 
oscillator having a maximum repetition rate of 500 kHz. In order to fulfil the drive 
requirements of approximately 90 V, a 2N247 transistor, having a V, break-down 
voltage in excess of 30 V and a pulse transformer step-up ratio of 3 to 1, are being used. 
Since the EZ10B represents a capacitive load of 36 pF it is advisable to use the smallest 
possible step-up ratio in order to minimize the drive requirements of the blocking 
oscillator. 

By using a Mesa transistor (PSI 2N1339) in the blocking oscillator circuit we reached 
a maximum counting rate of 800 kHz, the limit being set up by the EZ10B. However, 
in this case, the slight improvement did not seem to justify the use of an expensive 
Mesa transistor. 

The next stage utilizes the EZ10A, driven by a 2N398 transistor in a grounded-base 
configuration. The 2N398, capable of a swing of 100 V, is driven by a grounded emitter 
OC44 that provides both a current gain and the required phase inversion. 


The scaler has a capacity of 107 counts. The additional five slow stages consist of 
EZI10A tubes, each driven by a single 2N398 transistor. 


As pointed out previously, the scaler has a double-pulse resolution of 2.5 ys. Its main 
features are its space and price economy and simplicity of operation. 


Il. Transistor driven E1T scaler 


A scaler using the Philips E1T vacuum decatron is shown in Figs. 3 and 4. 


Transistors T,, and T,, form an input amplifier identical to the one described in 
connection with the previous scaler. Transistors T,, through T,, form a high-speed, 
low-hysteresis discriminator. The discriminator is a transistor version quite similar 
to the one described by FARLEy [6] and FIscHMANN-ARBEL [7]. Its discrimination level 
is adjustable over a range of 0.1—1.1 V. Its double-pulse resolution, including the 
input stage, is less than 0.2 us. The overall double-pulse resolution of the scaler is 
0.3 us. The recovery time after a 100-V input pulse is 2 us. Transistor T,, acts as a gate 
identical to the one previously described. 


In order to achieve a fast mode of operation with the Philips E1T vacuum decatron, 
the locking deflection plate should be driven in a staircase fashion. The total swing 
required is 125 V and the driver’s cut-off resistance should be high compared with 
1 MQ. Present-day transistors and crystal diodes do not fulfill the above requirements. 
A single ECC83 vacuum tube was therefore used at this crucial point. The transistor 
univibrator consisting of T,, through T,,, together with the normally cut-off ECC83, 
generate a negative-going staircase voltage across the stray capacitance associated with 
the deflection plate. With the arrival of the tenth pulse, a negative pulse appears at 
the reset anode. The pulse is applied to an additional univibrator consisting of T;, and T37. 
The univibrator serves the double purpose of resetting the E1T tube by restoring the 
deflection plate potential through a pulse transformer and vacuum diode and at the 
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same time applying a pulse to the following stage. In the following stage the E1T is 
used in its self-locking mode. In other words, positive pulses are applied via T,, and 
its associated diode to the opposite deflection plate. As in the previous stage, the negative 
pulse that appears at the reset anode is applied to a univibrator circuit. The univibrator 
resets the counting tube to zero and adds a count to the next stage. 

The scaler consists of four E1T tubes, followed by a transistor-driven mechanical 
register. 


IM. Transistor-driven BX-1000 scaler 


The scaler, using the Burrough BX-1000 magnetic beam-switching tube, is shown 
in Fig. 5, 
The input channel, hence its performance, is identical with that of the E1T scaler. 


2N247 transistors have been used in the flip-flop drivers to obtain the required drive 
of 30 V. In order to achieve a double-pulse resolution of 0.3 us and to reduce the 
triggering requirements with these transistors, the first flip-flop driver uses an elaborate 
circuit [8]. The other stages use simple saturating flip-flops. 


The four BX-1000 counter tubes have direct Nixie read-out and are followed by a 
transistor-driven mechanical register. 
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Abstract — Résumé — Ansotauna — Resumen 


New counting circuits with E1T tubes. New solutions for beam-deflection circuits are given, 
which result in simple and reliable counting circuits. The requirements on the accuracy of the 
beam deflection are derived from the theoretical investigation of the counting process published 
previously by the author. The decrease in deflection error limits resulting from the difference 
between real and idealized tube characteristics is calculated. It is shown that, up to about 3 x 105 
pulses per second, the defiection error is maximum and independent of the counting speed, 
enabling simpler circuits to be designed. More accurate deflection circuits are needed for counting 
up to 106 pulses per second. Two circuits for use up to these counting speed limits are presented. 
The requirements put on circuit components regarding stability and accuracy are low. Only an 
unstabilized DC supply voltage is needed. 


Nouveaux circuits de comptage 4 tubes E1T. L’auteur propose de nouvelles solutions pour Jes 
circuits 4 faisceaux électroniques dirigés, grace auxquelles on peut obtenir des circuits de comptage 
simples et srs. Les conditions de précision de la déflexion des faisceaux ont été déterminées 
au cours de recherches théoriques sur le processus de comptage, dont les résultats ont déja été 
publiés. L’auteur calcule la diminution de erreur de déflexion admissible qui résulte ;de la 
différence entre les caractéristiques du tube réel et du tube idéal. Il montre que l’erreur de déflexion 
admissible atteint son maximum jusque dans la région des 3-105 impulsions par seconde, quelle 
que soit la vitesse de comptage, ce qui permet de concevoir des circuits plus simples. Une plus 
grande précision dans la déflexion est nécessaire si l’on veut compter jusqu’a 106 impulsions par 
seconde. L’auteur présente deux circuits pouvant étre utilisés jusqu’a ces vitesses de comptage. 
Les conditions de précision et de stabilité imposées aux éléments constitutifs du circuit sont peu 
rigoureuses; il suffit en outre d’une alimentation en courant continu non stabilisé. 


Hospie cyerubie KoHTyphr c JIamMiamaH E1T. JJarotca Hoppe pellieHua aa noyuenna 
OTKIIOHAIOWIMX MWy4eK JyueH KOHTYPOB, 4YTO DO3BONAeT OCYILeECTBIATh WpocTbie WH HayexKHbIe 
CYeTHbIe KOHTYpbI. TpeGoBaHva TOYHOCTH OTKIOHEHHA Ny4ka Jyyeii BbIBeeHbI U3 TEOpeTHIECKUX 
W3bICKaHHM CYeCTHBIX NpOleccos, OnyOsIMKOBaHHBIX aBTOPOM paHee. TloncwTbIBaeTCA YMeHb- 
meHve Npepesa NOTpelmHOCTH OTKJIOHEHHA, BbLITeKaloWlelt W3 pa3sHHybl MexKAY DelicTBUTeILHOH 
MW TeopeTHuecKOl XapaKTePpHCTHKAMH 3IeKTPOHHON Namobl. JoKa3biwaetca, iro NpHOmM3suTeBHO 
okono 3 X 105 uMnynEcoB B CeKYHY Dpeyen NOrpeliHOCcTH OTKIOHEHUA MOCTHYaeT CBOerO 
MaKCHMaJIbHOrO 3Ha¥eHHA; OH He 3aBHCHT OT CKOPOCTH cyeTa, 4TO DaeT BO3MO%XHOCTb 
YIIPOCTHTb KOHCTPYKIMIO KoHTyposB. Jia orcyeta yo 106 ummymnbcos B cekyHay TpebytoTca 
Oonee TOYHbI€ KOHTYpbI OTKOHeHHA. ONMcbIBalOTCA Ba KOHTYpa JIA MCIONb- 30BaHHA 
MX NO 3THX Mpegesos cKxopoctu cyeta. Tpe6osanua, TpebaABIAeMBIe K COCTAaBHbIM 4aCTAM 
KOHTypa B OTHOUICHHH YCTOHYMBOCTH U TOYHOCTH, He O4eHb cTporu. Jina ux byHkuHOHUpo- 
BaHha TpeOyvetca OGbMHOe HecTaOumM30BaHHOe OMTaHHe NOCTOAHHBIM TOKOM. 


Nuevos circuitos de contaje con valvulas E1T. Se dan soluciones nuevas para circuitos deflectores 
de haz que permiten montar circuitos contadores sencillos y seguros. La precision con que tiene 
que ser desviado el haz es deducida por el autor partiendo de investigaciones teéricas del proceso 
de contaje publicadas anteriormente. Calcula la disminucién de los limites de error en la deflexién 
que resulta de la diferencia entre las caracteristicas real e ideal de la valvula. Se demuestra que 
el limite de error en la deflexién es mdximo hasta unos 3°105 impulsos por segundo, e indepen- 
diente de la velocidad de contaje, por lo que es posible disefiar circuitos mas simples. Para contar 
hasta 106 impulsos por segundo, se requieren circuitos deflectores de mayor precision. La memoria 
describe dos circuitos que se pueden emplear hasta estos limites de velocidad de recuento. No es 
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necesario que los componentes del circuito sean muy estables o muy exactos. Solamente se 
precisa una tensidn continua de alimentacién no estabilizada. 


I. Introduction 


The principles of the decade counter tube E1T are described by JoNKER ef al. [1]. 
Some theoretical aspects of fast counting with EIT are investigated in an earlier work [2], 
which gives the dependence of counting-speed limits against beam-deflection error, 
ie. pulse-amplitude inaccuracy, and the tube and circuit parameters. The deflection- 
error limit decreases with the counting speed, as the time decreases between two successive 
pulses left to the beam for approaching a stable position. 


There is a further decrease of deflection-error limits due to unequal periods of actual 
EIT tube, which is taken into account in this paper. Knowing exactly the dependence 
of deflection-error limits on the counting speed, a pair of these values may be chosen 
for which simple beam-deflection circuits can be found. Some of these circuits are 
given, which cover the counting-speed range up to 10° pulses per second. 


II. Deflection-error limit as a function of counting speed 


In this section the decrease of the theoretical deflection-error limit resulting from the 
difference between actual and idealized tube characteristics is considered. The deflection 
error limit is, according to [2], a function of the counting speed and the time-constant 
of an EIT circuit. As this function, shown in Fig. 1, cannot be obtained in an explicit 
analytical form, it was determined, for the presented circuits, by the method given 
in [2]. The time-constant is given by 


1 Cy, 
; (t) 


where C = tube and deflection-circuit stray capacitances referred to with the anode of 
the EIT; V,, Jn = period and amplitude of the anode current characteristics. The 
capacitance C, which can be estimated, knowing the principle of beam-deflection circuits, 
was taken as 30 pF; the average values of tube parameters are V; = 14.5 V, In = 80 vA, 
which gives t = 0.87 us. Only the counting speed scale changes in Fig. 1. if t or fy is 


7 
limit tends to x if f— 0, and to 2/10 if f— oo. 


If the periods of the tube characteristics are not equal to each other, the deflection- 
error limits at zero counting speed can simply be expressed as 


; 1 7 < 
changed, according to the relation f, = E ( ') + ‘| . The deflection-error 
T 


@, = 2n ——— 
G_ = — 2. i (3) 
mer ee 
with 
V; max 
j= es 1, (4) 
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where V, max, Vs min are the maximum and minimum period respectively, and the deflection 
: : 1 
error is referred to the average period, defined by V, = as max + Vs min), as 27. 


As, in this case, the dependence of deflection-error limits on the counting speed cannot 
be determined by analytical considerations, it was investigated experimentally. It 
was found on a number of tubes that (with very few exceptions) 6 < 0.6, and for most 
of the tubes 6< 0.4, so that the case 6=0.4 (giving ©, =0.25 x 2x and 
@_ = — 0.42 x 2%) was taken as typical. The experimental results shown in Fig. 1, 
obtained by the two circuits given here, agree with calculated values for ©, and ®_ 
when ©, <g(f), ® > —g(f), and then follow the law g(f) when 9, > ¢(/), 
®_<—(f). Therefore, the deflection-error limits are maximum and independent 
of the counting speed in a region up to about 3 x 105 s~!. They can be made symmetrical 
by decreasing the average: deflection, giving g =~ 0.35 x 2”. Conclusions regarding 
circuit choice and design follow from these results. 


OX—= om 


® -50 
1 2 3 4 5 6 8 1 6 15 
x10° —— fis) x10 
Fig. 1 
Deflection-error limit as a function of counting speed. 
g(f)  — theoretical function for an idealized tube, 
®.,@. — calculated limits at zero counting speed for a tube with 6 = 0.4, 
x, 0 — experimental results for a tube with 6 = 0.4; vertical scale, angular, and percentual 


with respect to the 27 deflection. 


A simple circuit with low requirements on the accuracy of the drive pulse can be 
designed for use up to about 3 x 105s-1. The requirements on the circuits due to the 
deflection-error limit g = 0.15 x 22 for the counting speed 10° s-! can be still considered 
as reasonable and realizable. 


YI. The circuit principles 


Two circuits, based on similar principles for use up to 3 x 105 and 10° pulses per 
second, are given in Figs. 2 and 3. 
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Fig. 2 
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Fig. 3 
Circuit B for 106 s-! with deflection-error limit g= 0.15 x 27 
Blocking oscillator transformer: Lj = Lz = 300-++ 50 1H. Note for both circuiis: All resistors 
1/2 W unless otherwise specified. Filaments V2-V3, V6 at 156 V 
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The step-by-step deflection of the beam in the counting process through the stable 
positions “0” to “9” is performed in both circuits by the linear diode pump consisting 
of diodes MR1 and MR2, a cathode-follower V2, the capacitor C, and the stray 
capacitance C. The charge required for the deflection of the beam from one stable 
position to another can, according to the relation CV, = V, C, C/(C, + C), be 
adjusted by C,, or by the pulse amplitude V,. The deflection error caused by variations 
of these quantities can be expressed as 


® AY, Cc (Ag aE 


a Ye CRG -C 


(5) 


The deflection error may, according to this relation, be reduced only to the amplitude 
variation of the drive pulse. The required accuracy of the drive-pulse amplitude can 
simply be obtained by a Schmitt trigger, which makes the operation independent of 
the input pulse. (The length 4, of the current pulse discharging the capacitance C is 
equal to the rise time ¢, of the voltage-drive pulse.) 


The triode V4 is used in both circuits as a constant current source, i.e. as a high 
cathode resistance for V2, and also as a trigger amplifier in the flyback circuit. Due 
to voltage drop across R, and Rg, which is independent of the potential Vp. (potential 
of D2), triode V3 and diode MR3 (Vé6a) are not conducting, so that the linear diode 
pump is not influenced in its operation by the circuit with V3 for all beam positions, 
except for the flyback. The flyback regenerative loop is closed via MR3 (V6a), V2, 
and C3, when the beam deflected to the auxiliary anode by the tenth pulse makes V3 
conduct, which in turn cuts off V4. The capacitance C is charged by the circuit with 
V3 until Vp, reaches the value corresponding to the stable position ‘‘0” of the beam. 
This, according to the required counting speed, is performed in different ways in the 
two circuits. 


In circuit A, V3 is used only as a low resistance through which capacitances referred 
to the cathode are charged. The cathode potential rise may be presented approximately 
as (Vp — Veo) (1 — e*/*4), where , 


C 
Ta = Tio Ce (*. &mo + al : (6) 


g 


where rio, mo = Mean triode parameters; C,, C, = capacitances referred to cathode 
and grid of V3 respectively; Rx. = Rg in Fig. 2. A consideration of the tube and circuit 
parameters shows that, to keep the current of V2 and V4 reasonably low, which limits the 
minimum value of R,, tg cannot be made smaller than about 1 ys. The end of the 
regenerative process, i.e. the upper limit of Vp, is determined by C,R,, which can be 
set so that the beam is brought in the vicinity of the stable position ‘‘0’’. Fig. 4 (a) shows 
that a time of 2 us is taken to complete the flyback and the rest is left for approaching 
the stable position ‘‘0”, making a more accurate limitation of Vp, unnecessary. 


In circuit B, V3 is used in an independent regenerative circuit—a modified blocking 
oscillator—to reduce the time needed for the flyback. The main feature of this circuit 
is that a high current and a large increase of the V3-cathode potential can be produced 
by a low transformer EMF, as the potential of L2 is always equal to the cathode potential. 
The regenerative process is ended by the limiting action of diode V6b, and the exact 
returning of the beam to “0” is set by RV. (C; in circuit B is used only for starting 
the flyback and producing the output pulse). Fig. 4 (b) shows that only 0.5 us is required 
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(b) 


Fig. 4 
Deflection of the beam in the counting process. Stable positions 7-8-9 and after the flyback 0-1-2 
can be seen 


(a) circuit A at 3 x 105 s-1; (b) circuit B at 106 s-t; 
vertical scale (Vp2): 50 V per larger division; horizontal scale: 2 us and 0.5 us per larger division 


to complete the flyback. The peak anode current (about 75 mA in this case) is determined 
by Rg, so that variations of tube characteristics have little influence. 


The cathode of V3 might in both circuits have been connected directly to D2, from 
a functional point of view, were it not for the cathode-to-filament conductance and 
higher capacitance. In circuit B, a low recovery-time semiconductor diode would be 
required to replace Vé6a. 


IV. Performances 


To get an insight into the performance and reliability of circuits presented, some 
results of a marginal test are given. The permissible partial variations of the anode 
and filament voltage and of the E1T cathode and anode resistance, determined on 
both circuits at their nominal counting speed limits, are as follows: 


80 < Vi, < 400 4.5 < Vp<7.5 (Volts) 
10kOQ < R, <20ko 0.8 MO < Ray < 1.4 MQ 


It can be seen from Figs. 4(a) and 4(b) that the nominal counting-speed limits for 
both circuits are lower than the actual counting-speed limits. The output pulse of 
circuit B can be directly applied to circuit A. At the output of the circuit A a triangular 
pulse is obtained, which is suitable for the direct driving of conventional low counting- 
speed E1T-circuits. 
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Abstract — Résumé — AnsoTaqua — Resumen 


New simple logarithmic counting-rate meter. The paper describes the basic circuit and the 
design method for a multidecade logarithmic counting-rate meter, developed especially for fully 
transistorized portable instruments. The logarithmic linearity, relative to the periodic and 
random pulses (Poisson distribution), as well as the dead-time influence of the random pulses 
source on the logarithmic law, is analysed. 


Nouveau compteur logarithmique simple. Les auteurs décrivent le circuit fondamental et la 
conception d’un compteur logarithmique a plusieurs décades, spécialement mis au point pour 
instruments portatifs intégralement transistorisés. Ils analysent la linéarité logarithmique pour 
les impulsions périodiques et aléatoires (distribution de Poisson), ainsi que !’influence du temps 
mort de la source d’impulsions aléatoires sur la loi logarithmique. 


Hosni mpocroi 10rapHdMayeckHii cueTUHK ckOpocTH cyeTa. ODMKCEIBaeTCH OCHOBHOU 
KOHTYP H MeTOQ KOHCTPYKUMH MHorogeKayHoro MorapHdmMyyeckoro cyeTIMKa CKOPOCTH 
cueTa, CelMasIbHO CKOHCTpyHpoBaHHoro ya paGoTh Ha MepeHocHEIX upHOopax, AelicTByIO- 
WX HCKIIOYMTeIbHO Ha TpaH3acTopax. AHaNHsHpyercd orapuHdmMayeckan smHelinan 
3ABACHMOCTbh MepHOUMYeCKHX H Ciy¥aHHbIX HMMyJIbCOB (pacupeyemenue IIvaccona), a Takxe 
. BIMAHHe MepTBOrO BPeMeHH MCTOYHWKa CiIy4aHbIX MMMYIbCOB Ha JlorapHdMHyecKkyro 
3aKOHOMEPHOCTb, 


Nuevo integrador logaritmico simple. Los autores describen el circuito bdsico y el método de 
calculo de un integrador de impulsos logaritmico de varias décadas, ideado especialmente para 
ser aplicado en instrumentos portatiles a base de transistores. Analizan la linealidad logaritmica, 
con referencia a impulsos periddicos y aleatorios (distribucién de Poisson), asi como el efecto del 
tiempo muerto sobre la funcién logaritmica en el caso de impulsos aleatorios. 


The basic circuits and the synthesis formulae concerning logarithmic counting-rate 
meters have been published by several authors [1—3]. The common element used in all 
systems is the binary switch. The use of the binary switch results in a current drain, 
thus loading the source of the power supply. The current drain can be even 100 times 
heavier than is necessary for an indicating instrument. 

For convenience and economy, portable instruments should have a reasonably long 
battery life. In order to achieve this we suggest a circuit for a logarithmic rate-meter, 
using simple RC filters and an ordinary transistor switch. 


I. Analysis of the basic circuit 


The basic circuit is presented in Fig. 1 (a). 

The capacitor C is charged through the resistance R from the battery E. The event- 
detector pulses activate the switch which discharge the capacitor C. The mean current, 
for evenly distributed pulses of the rate 7, is given by the equation:* 


* Key for indexes: m = mean, r = random, e = evenly, d = dead time effect, s = switching- 
time effect. 
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E RC 
Ine = Rie (1 — eRe), (1) 


1 
where — =f, 
n 
For random pulses given by the Poisson distribution, the probability of one event 
occurring after the time ¢, in the time interval dz, is given by: 
w(t) = nemt-dt. (2) 


The most probable value for the mean charge per pulse for random-event distribution, 
will be given by the relation: 
one 


Amr = zc | (1 —e#RC) nem dt. (3) 
é 


For the rate of m pulses per second, the mean current has the value: 


E nRC 
Pye he 4 
Fone R 1+nRC @ 


Equation (4) is identical to that for the Cooke-Yarborough circuit, pump circuit, 
and the synthesis technique for the proposed logarithmic rate-meter is the same as 


input pulses 


E if Cc 
(a) 
R D, t 
i 1 | 
H R Des : 
E input pulses 


(b) 


Fig. 1 
The rate-meter circuits 


(a) The basic circuit 
(b) Multidecade rate-meter circuit 
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that for the Cooke-Yarborough one, by making saturated current contribution from 
each RC element equal and by spacing the time constants at uniform logarithmic 
increments. The proposed multidecade rate-meter circuit is presented in Fig. 1 (b). 
The diodes D,, D, ... Dy-;, Dx separate the RC circuits one from another during 
the charging intervals. 


The logarithmic curves of output current ys. counting rate for evenly and random- 
distributed pulses, have the same slopes, i.e. the curves are parallel. The ratio of the 
counting rates for the same output current is 7,/ne = 1.5. This affords the possibility 
of calibrating the rate-meter with a standard pulse generator. The precision of the 
logarithmic law is about three times lower for evenly than that for random-distributed 
pulses. 


II. The sources of errors 


The dead time of the event detector can introduce an error in the determination 
of the event rate. Due to the dead time losses arise in the event detection and changes 
occur in the detected event-distribution relative to the original event distribution. 

The influence of the detector dead time in event-rate determination, using the proposed 
circuit, will be analysed. It will also be assumed that every detector pulse is followed 
by the constant dead-time interval tg, in which no event can be detected. 

Referring to Fig. 2, a simple formula for the mean current, taking into account the 
dead time, can be deduced as follows: the difference between the current waveforms, 
for the dead times tg = 0 and ty = Cte, is restricted only to the intervals of the lost 
pulses. The number of the lost pulses is 


The lost charge per pulse is 
EC(1 — e9!RC)/(t + nRC) 
and the mean lost current due to the dead time is given by: 


n ntg 


———_. (5) 
1+nRC1+ntg 


Imrd (lost) = EC (1— ev/ RC) 


The mean current for tg = Cte is the difference between the mean current for tg = 0 
and the mean lost current. Introducing the mean value for 1 — e-/RC, the mean current 
becomes: 

1—e*d 
E nRC 1+knRC kg (6) 
Intl = RT ARC 1+ knRC 


where kg = tg/RC. 

The curves Imra/Imr- vs. ANRC for different values of kg are given in Fig. 3. As a general 
conclusion it can be said that the event-rate reduction due to the dead time is negligible, 
if kg <4 1, even for ntgas much as 0.2. This is an important advantage of the proposed 
circuit over that of Cooke-Yarborough. This characteristic is common to the Lichten- 
stein and De Bolt circuit. 
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co6cTBeHHO 30He 4epe3 mIOGOM MpOMeExXyYTOK BpeMeHH Tt, TaK YTO OH MOxeT ObiTh 3a0epxKaH 
Ha OCUMINIOCKONe, CHHXPOHW3HPOBaHHOM C YacTOTOH MoBTopenua ~ I/r. 

Hapactatouiaa @opMa uMiyJibca He 3allOMHHacTCA, Tak 4TO BpeMA HapacTaHuA M cHaya 
YIepKaHHOTO OCHMIUIOCKONOM MMIyuIbCa CBOWCTBCHHBI JIMIIIb CaMOMy 3amMOMMHAaFOWUIeMy 
YCTpOHicTBy. 

Tlo cymiectBy 6s10K-cXeMa MO2KeT PacCMaTPHBAaTbCA KaK COCTOAMAA H3 ABYX PaCIUMPALOWIMX 
KOHTYpOB. OTH KOHTYPhI lipeppallaroT BXOQHVIO WMPHHY ¢ Bf + Tt. YOMWHeHHbIe MMIMYJIbCKI 
TIPOTHBOMONOKHEIX a3 CKaIbIBAaIOTCA HM DaroT BbIXORHOM MMIyNEC c amiuiuTygoKk A 
mmpuHon ¢. 

Bpema 3agepxku Tt perysMpyeTca MBYMA KOHTYpaMH, yCTOMYMBbIMM TO.IbKO B OHOM 
COCTOAHHM WH MPWBOAMMBIMM B UelicrBHe C paccTOAHMA ¢ (KOHTPONbHOM KOHTYp 3afep%KKH) 
HacbIWeHAbIM YCHNIHTeNeM, KOTOpbI yopawBaeT BXOAHOWM cHrHayl M MaeT yepe3 aMdbepex- 
UpPYIoWMi KOHTYp (W3MePHTeJIbHbIM KOHTYP 3aepxKKH) WBa UMIYJIbCAa. 

BerxogHok uMnysibc NogaeTca CHOBa Ha BXOM Yepe3 OCMaOUTeNb M IHHMIO 3afep%KKH. OTOT 
WK MOBTOpseTcA c YacTOTOH NoBTopeHua ~ 1/t. 

3anomvHaeMBId =UMIYIBC wMeer wupuHy or 50 MuxpocexyHa no 10 MunnMcekyHE, 
vu Gonpme. UacTota NOBTOPeHHA MOxeT M3MECHATECHA B UHTepBasie OT 104 ry, qo 30 ry Mw MeHee. 

B camMoM gokiage OnMchiBaeTcCA H Bpyrow KOHTYP C MCIIONb3OBaHHeEM TOTO %Ke CaMOTO 
pwuyuna. TlomumMo aMimsvTyObl MW WMpHHbI 9TOT WocneqHHii KOHTYP MOxXeT 3aNOMHHaTb 
vw dopMy BxogHOrTO MMIyJIbca. 


Circuito memorizador para impulsos de larga duracién. E] circuito permite el almacenaje ilimitado 
de un impulso positivo de cualquier forma, conservando tanto la amplitud como el ancho del 
impulso. 

En teoria, un impulso rectangular de amplitud 4 y anchura ¢ producido como impulso aislado en 
un tiempo t = 0 puede ser reproducido en su propia area después de un tiempo cualquiera t, de 
forma que puede ser retenido en un osciloscopio sincronizado a una frequencia de repeticién ~ I/t. 

El circuito no memoriza la forma de elevacién del impulso, asi que los tiempos de elevacién 
y de caida del impulso que retiene el osciloscopio son los inherentes al propio circuito memo- 
rizador. 

En esencia, se puede considerar que el circuito esta formado por dos circuitos alargadores que 
amplian Ja anchura de entrada desde ¢ a ¢ + t. Se suman los impulsos alargados de fase opuesta 
y se obtiene asi en la salida un impulso de amplitud 4 y de anchura ¢. 

El retardo t es controlado por dos univibradores disparados a una distancia / (circuito de 
control del retardo) por un amplificador saturado que transforma en rectangular al impulso de 
entrada y da dos impulsos por medio de un circuito diferenciador (circuito medidor del retardo). 

El impulso de salida se pasa de nuevo a la entrada a través de un atenuador y de una linea 
de retardo. El ciclo se repite con una frecuencia de ~ 1/t. 

El impulso memorizado tiene un ancho de 50 vs a 10 ms y hasta mas. La frecuencia de repe- 
ticién puede variar desde 104 Hz hasta 30 Hz e incluso menos. 

Se describe otro circuito basado en el mismo principio y que es capaz de memorizar la 
configuracion del impulso de entrada ademas de su amplitud y de su anchura. 


I. Objects of the circuit 


The study and the design of the circuit described in this paper have been inspired 
by discussions concerning research about radiation damage on magnetic alloys. 

A research programme has been studied with the aim of obtaining a fast-neutron 
integral-dose meter. 

It has been decided to try the variation of some magnetic properties as a function 
of fast-neutron integral dose, in special ferromagnetic alloys. 

For measurements during the irradiation in the reactor core of the magnetic toroids, 
and for routine measurements for obtaining integral dose, flux maps etc., it was decided 
to study a memorizing circuit. 
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-The rapid and precise measurements that could have been attained and the possibility 
of obtaining several quantities of the hysteresis cycle during the first period of research, 
have stimulated the work in the study and design of the circuit. 


Il. Logic of the circuits 


We decided first that the characteristic quantities of the pulse to be memorized were 
the peak amplitude Am and the width r (that is the time for which the amplitude of 
the pulse is more than 10-3 Ay). We called this width base-time ¢. 

The circuit with those features was named a type-A memorizing circuit. 

The output of the type-A circuit is then a rectangular pulse of amplitude Ay and 
width t, when, at its input terminals, we apply a pulse of any shape, amplitude Am 
and width ¢. 

In the present paper we describe a circuit of type B with more general features ; type-A 
circuit is the more important component of type B. 

1. The logic of the type-A circuit appears in the block diagram of Fig. 1. 
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Fig. 1 
Block diagram of type-A circuit 
A = attenuator; D = differentiator; DL = delay line; L = stretcher; M =.monostable delay 
calibrator; PI = phase inverter; 2 = buffer 


The input pulse is applied to a phase-inverter, at the output of which we obtain two 
pulses equal to the input pulse and that of opposite phases. These two pulses are then 
applied to different stretching circuits which stretch the pulses to the time t and t+ Tt 
respectively. 

A special delay measuring-circuit controls the breaking edge of the two pulses. This 
circuit is formed by a saturated amplifier which, at first, squares the input pulse of 
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width ¢. Differentiating, we obtain from the squaring circuit two pulses of opposite 
phases at an interval t from each other. 

We now select from the two pulses the positive one. 

At the instant T = O, it starts a monostable circuit that gives a pulse of width t. 
The same is the case for the negative pulse which, at the instant T = 1, starts another 
monostable which, at the output, also gives a pulse of width t, from T = rto T=t +1. 

The pulses from the monostables are differentiated and we select the pulses at the 
time T = t and T = t +t, with such a phase that is opposite to that of the stretched 
pulses which are to be extinguished. 

At this moment the stretching-circuits are free. We have now obtained two pulses 
of opposite phase, both of amplitude Ay with a width of ¢ and f¢ -+- 7 respectively. 

We must now add the pulses to obtain a single pulse of amplitude A), (or proportional) 
and width ¢. 

This pulse has a delay-time of x with respect to the input pulse, and, if the stretched 
pulse with width ¢ + t was of the same phase as that of the input pulse, and the adder 
circuit is not an inherent phase-inverter, it has the same phase as that of the input pulse. 

Once the adder circuit is free all the circuit is free and ready to receive at the input, 
theoretically at the same instant, as the pulse generated at the output. 

It is really necessary to delay the pulse fed back to the input to at least 2 or 3 times 
the decay time of the stretched pulses (5—10 us). 

Summarizing, the circuit is formed by three different parts: the first (amplitude 
measuring circuit) which memorizes the pulse peak amplitude, the second which measures 
and memorizes the base time of the input pulse; finally the third is a buffer circuit in 
which the contribution of the two preceding circuits is added to reproduce the peak 
amplitude and the base-time of the input pulse. 


The rectangular pulse produced is then fed back through a delay-line, to recommence 
a new memorizing cycle. 

2. With type-B circuit we wish to memorize not only some features of the pulse, 
but also the pulse shape. 

This type-B is, therefore, the true memorizing circuit in its more general meaning, 
allowing a complete study of the single memorized pulse. 

The memory is formed by three different parts: input circuit (that works only for the 
incoming single pulse and not for the repetitive pulses that begin the cycles of memory); 
shifting circuits for the sampled pulses (formed by type-A circuits); and the buffer circuit. 

The input circuit is designed to sample the amplitude of the pulse at the instants 


1 2% : 
T=0, 0,, @), O3... On (with O, = F rot: eo, = 7 by sufficiently narrow 


> 0, = 
: : 1 
pulses at a fixed distance of time 0 = F 


. 1 . 
A sinusoidal oscillator of frequency f = @ opens a gate through a diode that selects 


the semiwaves of the positive phase (see Fig. 2 and pulse shape Fig. 3). The input pulse 
to be sampled is applied to the gate, at the output of which we obtain a square pulse 


1 
of the width yo an amplitude proportional to that of the input pulse at the moment 


of sampling. The input pulse is thus reduced to a train of pulses sufficiently close to 
keep its shape (see Fig. 3). 
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Sampling memorizing circuit for long pulses 
A = attenuator; D = differentiator; DL = delay line; G = gate AND; L = stretcher; M = 
monostable delay calibrator; PI = phase inverter; osc = oscillator; S = ring sequencer; 
= = buffer 


Now the v pulses of the train are applied to a ring-sequencer which distributes the 
pulses one by one to the n-shifting circuits. At the input of shifting circuits there is 
a gate (and circuit) at the first terminal of which is applied the pulse from the input 
circuit gate: at the second input of only one of the shifting-circuits gates the corresponding 
output of the ring-sequencer is applied. Now we have only to remember that shifting 
circuits (type-A circuits) reproduce their own input pulses continually at a repetition 


1 
rate y ~ — (see Fig. 3). 
Tt 


The memory cycles are shifted at a time @ between each other in sequence, that is 
at a time nO between the first and the last one. 
The width of the input pulse results in t = n© and the repetition frequency should 


1.5 
be less than ~ —. 
tv 


To summarize, at any time during this situation it is sufficient to apply the n outputs 
of the “shifters” to a buffer circuit: the train of pulses is so formed again during a 


: 1.5 
time t = 7@ and at a frequency y > —. 
Tt 


Sending the output of the buffer circuit to an oscilloscope it is possible to ‘“‘read”’ 
the memory easily at any moment. 

Theoretically we can also think of a single link between the output (reading circuit) 
and the input of the ring-sequencer: this link may be a single delay-line instead of the 
n delay-line contained in the shifters; of course this will cause some trouble when the 
width of the pulse becomes narrower. 
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Fig. 3 
Diagram showing pulse shape 


Surely it is most important to test the circuit at an ever shorter pulse width. 


Ill. Realization of type-A circuit 
1, INPUT CIRCUIT 


The input circuit has been designed to give a high input impedence to the memory 
and to standardize the input pulse to a value between 5 and 20 V. If necessary, before 
the stretching-circuits, we must also insert an attenuator to reduce the input signals. 


Therefore the first stage has a variable gain and the output is applied to both the 
phase-inverter and the saturated amplifier (see Fig. 4). 


2. PHASE INVERTER 


The phase inverter which has been used, is a spilt-load type. It must be noted that 
the maximum peak-signal level to be handled by this phase-inverter is approximately 
half of that delivered by other types of inverter (side-branch, cathoded-coupled, etc.). 
Of course this means that the signal to be applied to the inverter must be less than 20 V. 
Simplicity and economy of parts have influenced this solution. 
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Fig. 4 
Diagram of type-A circuit 


3. SATURATED AMPLIFIER 


The saturated amplifier is formed by two high u-cascade triodes. The stage gain is 
approximately 90. The differentiator applied to the output is able to deliver two pulses 
from the square pulse at a distance +. The centres of pulses are shifted with respect 
to the input pulse, at a time corresponding approximately to an amplitude of 10-4 of 
the peak level of the pulse. This means that the delay is less than a microsecond when 
the rise time is more than a millisecond. 


4. STRETCHING-CIRCUITS 


The stretching circuits are the effective cores of the memory. In fact they memorize 
the amplitude of the pulse, keeping the charge of a high quality condenser unchanged 
until the arrival of the ending pulses from the multivibrators (see Fig. 4). 


The pulses of charge and discharge to the condenser are delivered through high- 
vacuum diodes, The storage condensers were the polythene types which have shown 
very good dielectric features. The buffer circuit (adder) to which the stretchers deliver 
their pulses must have a very high input impedence. 


The choice of diodes with low reverse currents is very important because the storage 
condenser is charged during the stretching time. Very important is the adjustment 
of diodes thresholds for a good circuit running. 
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5. DELAY-MEASURING CIRCUIT MONOSTABLES 


The monostable circuits are triggered by the differentiated pulses of the square pulse 
delivered from the saturated amplifier. The time constant of the differentiator circuits 
must be designed bearing in mind the lowest pulse width. Therefore it is necessary 
for the monostable circuits to have a very high triggering sensitivity (from 0.1 to 0.5 V). 
In fact it means that, for a certain value of differentiator time-constant. it is possible to 
obtain a certain triggering action which is accurate in time as long the time-duration 
of the input pulse is twice the differentiation time-constant. For the present circuit 
a time constant has been used which is equal for the two multivibrators, but must be 
adjusted with the minimum pulse width of the input. 


It may be useful for the memory to be equipped for several repetition. frequencies 
of memorizing cycles. This is accomplished by adjusting the time duration. t of the 
pulses of the two monostables. This feature may be useful if one wants the time width 
of the input pulse to vary over a wide range. 

Generally we prefer a repetition rate of memorizing cycles to be sufficiently :high 
so as to be easily detected on an oscilloscope, but not so high as to prevent the 
memorization of the longest pulse in the working range. 

It is very important to obtain the rise and decay time of the monostable pulses because 
they determine the features of the feed-back delay-line. To bias the RC-coupling circuits 
to a voltage higher than 150 V (see Fig. 4) would constitute a great improvement in 
precision timing and in applying the features previously described. 


6. BUFFER, ATTENUATOR AND DELAY LINE 


The buffer must be a high input-impedence circuit. We have solved the problem. by 
using a multigrid-tube. It is better to use the multigrid tube in a cathode-follower 
arrangement instead of that shown in Fig. 4. 


Because of the different grid-to-plate transconductances it is rather difficult to. adjust 
the output, especially when the two grids are used as amplifier input grids. 

Some advantages arise from the low output impedence of the cathode-follower 
arrangement because both the delay-line and the attenuator may be low-impedence 
circuits. 

The attenuator circuit is very essential because it is able to give the total ring gain 
exactly equal to unity. Any deviation from unity gain means pulse compression or 
expansion during the time. The time delay of the delay-line must be computed from 
the longest monostables decay-time. It seems advisable to design the time delay at 
about four to five times that of the decay time of the largest stretched pulses. 


IV. B-type memorizing circuit 
1. INPUT CIRCUIT 


The input circuit has been designed to be able to handle both positive and negative 
input pulses. 

The sampling pulses are sinusoidal positive semiwaves and are delivered by an oscillator 
followed by a diode limiter. 

The sampling pulses are applied to different gates for positive or negative input pulse. 
The gates deliver pulses at the same oscillator-sampling frequency, each being proportional 
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to the input-pulse amplitude at the sampling instant. These pulses are always positive, 
the negative input pulse being made positive before being applied to its own gate. 

The input pulse is now transformed into a positive train of pulses. The oscillator 
frequency must be variable over a wide range, owing to the fact that it is convenient 
to get the input pulse, sampled in a number of pulses, equal at least to the number of 
single-pulse memorizing circuits (or shifters). 


It seems advisable to fix the number of shifters at about ‘ten; in fact we may memorize 
the pulse with a sufficient number of pulses, without over-complicating the circuit. 
The phase-inverter may be a split-load one, such as a type-A circuit, or an anode- 
follower as shown in the block diagram of Fig. 2. In the first case the two outgoing 
pulses. should have been applied to the two gates of the input circuit. 
The S circuit (see block diagram of Fig. 2): may be composed of 7 bistables arranged 
-in a ring (ring-sequencer) if we want a high counting rate. 
In fact it is true that the minimum width of the memorized pulse depends essentially 
upon the resolution time of the sequencer. However, the use of a special-purpose gas- 
. filled counting-tube (stepping-switch) is possible up to a pulse-width of 1 ms. 
It is to be noted that a gas-filled stepping-switch must be handled by a negative train 
of pulses of large amplitude. It is then necessary to insert a pulse-forming circuit to 
trigger the sequencer. 


2. BUFFER CIRCUIT 


Contrary to the same circuit of type-A memory it is not necessary to have a high 

input impedence. Theoretically the circuit could be formed by a simple resistor. In fact 

- this buffer is a transducer of pulses arriving at different times which keeps their amplitude 
‘unaltered. 


V... Conclusions 


The final result to be attained with a type-B circuit is to handle ever shorter pulses. 
It is evident that the time duration limit for the pulses to be memorized by the type-B 
circuit is at least ten times higher than that of the type-A circuit, when the number of 
memorizing pulses is reduced to five. 


Tt seems to be possible to reach easily the 10 us pulse duration for the component 
pulse (type-A, shifting circuits) and not impossible to attain, by simple methods 1 ys 
and less. In this case the shortest pulse width for a pulse completely memorized by 
sampling, would be 100 us and less. 


END OF VOL. II 
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Figure 2 


Tension de cathode (en haut) et tension sur l’une des grilles (en bas). Echelle du temps: 
1 ws par carreau. 
Ck = 1000 pF Ca = 18 pF Ra = 2,7 kQ — D3 présente — R.A.Z. absente. 


Figure 3 


Va en fonction du temps (1 ws par carreau). 
Ck = 5000 pF Ca = 18 pF Ra = 2,7kQ D3 présente — R.A.Z. absente. 


Cpig2 et Cog; et sur les capacités parasites C,, et C,,. Ces charges s’écoulent relativement 
lentement par les ponts de résistances Rpg) —Rgp et Rpogi — Rg;. Si la période des 
impulsions d’entrée est petite devant la constante de temps de décharge des capacités 
de grilles, le potentiel moyen de ces derniéres décroit progressivement (fig. 2). Corrélative- 
ment, le potentiel de l’armature du condensateur Ca, reli¢e aux diodes D, et D,, 
augmente. I] en résulte un blocage progressif des tubes et une diminution d’amplitude 
des impulsions appliquées réellement aux grilles (fig. 2), d’ot la diminution des signaux 
de sortie, et éventuellement l’arrét de fonctionnement de la bascule, d’autant plus rapide 
que le recul de grille est plus faible (fig. 3). 


Ce phénoméne de blocage partiel ou total peut étre évité en rendant la constante 
de temps Ry C, suffisamment petite devant la période des impulsions incidentes, afin 
que le potentiel des cathodes accompagne bien le potentiel moyen des grilles; la constante 
de temps Ry, Cy, doit toutefois ne pas étre trop petite devant la largeur de l’impulsion 
entrée, et, en définitive, la détermination de C, donnant le meilleur compromis doit 
étre effectuée expérimentalement. 
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Figure 4 


Comparaison des tensions obtenues sur les deux grilles (2 ws par carreau). 
Ck = 47 pF Ca = 200 pF Ra = 100 kQ — Dy; présente — R.A.Z. absente. 


Figure 5 


Tension sur les deux grilles: en haut, Vgi; en bas, Vg2 avec l’application de la remise a zéro 
(1 us par carreau). 
C2 = 33 pF — Ds présente. 


De méme, la constante de temps R, C, doit étre suffisamment faible pour que le 
potentiel moyen en «a» reste toujours peu différent du potentiel des cathodes. On 
satisfait facilement a cette condition en shuntant R, par une diode telle que D3. 

Il est 4 remarquer que, le potentiel en «a» étant pratiquement celui des cathodes, 
l’apport continuel de charges négatives sur les grilles entraine une baisse considérable 
de leur potentiel; un état d’équilibre est toutefois rapidement atteint, parce que les 
courants de décharge dans les ponts Rpg, —Rg, et Rp og; — Rg, augmentent par 
un double effet: baisse du potentiel moyen des grilles et élévation du potentiel moyen 
des anodes. 


REGIME TRANSITOIRE A L’ARRET 


Si aucune précaution spéciale n’a été prise, la suppression des impulsions d’attaque 
risque de provoquer des phénoménes dont l’allure générale est donnée par la figure 4. 
Apreés la derniére impulsion, les deux anodes de la bascule tendent a revenir a un potentiel 
moyen égal pour les deux; a la suite d’une période d’hésitation, la bascule prend une 
position quelconque sans rapport avec son état précédent. 
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Fig. 1 
Rear view of counter array with signal shapers and test equipment in foreground 
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Fig. 2 
Block diagram of instrumentation for a multi-channel counter experiment 
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splitter is shown for illustration. The output rise time is 5 ns for a step-function input. 
The gain is 0.8, and the maximum output amplitude is + 1 V or —2V. 

In the same manner, the signal mixer is flexible with regard to the number of channels 
that can be used. The two-channel mixer produces an output pulse having a 4-ns rise- 
time for a step signal applied to either input. The unit illustrated is suitable for negative 
pulses; by substituting PNP transistors and reversing the supply potentials, it is suitable 
for positive signals. 

The monitor output in each case is isolated by an emitter follower; this isolation 
makes the normal output almost independent of the monitor loading. 


To preserve signal rise-times between units, special care was given to the circuit 
packaging. A modular unit was desired that was inexpensive, used printed-circuit 
techniques, allowed interconnection of nanosecond pulses with coaxial cables, and 
provided connections for power and slow pulses through printed-circuit connectors. 
The resulting unit is shown in Fig. 6. It is available in a number of different widths 
and panel sizes. 


Fig. 6 
Shielded package for nanosecond circuits 


VI. Chronotron 


The determination of the neutron energy by finding its time-of-flight is typical of 
measurements that lend themselves to automated readout. The interval of interest is 
from 11 to 43 ns. A nine-channel, parallel-access chronotron compares the flight time 
of prompt pions with the slower neutrons. The 32-ns interval is divided into seven 
periods, with two additional channels. One of the latter channels indicates neutron 
pulses arriving too early, and another, those arriving too late. A block diagram of the 
chronotron is shown in Fig. 7. The splitting transformer divides the reference signal 
into nine similar pulses. Each of these is delayed by a different amount and compared 
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to the neutron signal in a diode sampling circuit. The appropriate output among the 
nine is indicated by the sampling circuit having the greatest output voltage. A diode 
matrix converts the signals to a binary-coded output for storage purposes. A test routine 
is fed through the chronotron circuits whenever they are not used for actual time 
measurement. Fig. 8 shows the test routine simultaneously presented for four chronotrons. 
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Fig. 7 
Chronotron block diagram 
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Fig. 8 
Display of binary-coded test signals of four chronotron channels 
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Fig. 10 
Printed-circuit board containing two 1-Mc flip-flop circuits 


is split into a number of channels by a passive distributor shown in Fig. 11. To keep 
the 10-ns pulses from being shorted out by the series-parallel connections shown, ferrite 
cores are used for isolation. The rapid recognition of a large mass of information is 
always difficult. A display panel has been used here to observe data during the actual 
running of the experiment as well as test patterns during error checking. The panel 
consists of an array of incandescent lights arranged in the same spatial pattern as the 
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Fig. 11 


Schematic diagram of test-pulse distributor. Each group of four miniature 50-Q cables makes 
four turns around a toroid 
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scintillation counters in the experiment. One set of lights is for the pion signals, the 
other for the neutron signals. While the whole data-acquisition system can store many 
events per Bevatron beam burst, an observer has difficulty in remembering more than 
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Fig. 12 
Light display panel 
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one event at a time. Thus it was decided to display only every tenth event in any burst. 
The last event is displayed continuously until the next Bevatron pulse. 

The display panel is arranged to show (a) events going into the buffer store, (b) events 
recorded on magnetic tape, or (c) the difference between conditions (a) and (b). The 
first condition checks the circuits ahead of the buffer store, the second condition checks 
the entire system, and the third allows one to check the performance of the store and 
tape transport. 

The light bulbs (General Electric (United States) No. 344) glow brightly at 12 V 
and draw about 20 mA; they glow very dimly at 5 V and draw about 9 mA. Circuits 
are arranged so that binary I is the bright condition, binary 0 the dim condition. Both 
of these conditions can be distinguished easily from an open circuit or a defective bulb. 


Fig. 13 


View of part of the fast-logic circuits with the coincidence-discriminator units, buffer store, 
test and control circuits, and magnetic-tape transport 


IX. Conclusions 


The complexity of recent counter experiments has demanded new ways of gathering 
experimental data. We believe that the methods used here are a worthwhile approach 
to an automated data-acquisition system. 
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Dispositif expérimental 
CIRCUIT MESURANT LA DURFEE DE DECROISSANCE 


La figure 2 représente le dispositif électronique qui permet la mise en évidence du 
temps fp. L’impulsion anodique est séparée en deux parties par un double amplificateur 
a cathode asservie. Un circuit détecteur de grande constante de temps (de l’ordre de 
20 us) fournit un signal légérement décroissant et proportionnel a l’amplitude de 
limpulsion. La comparaison de l’impulsion avec ce dernier signal s’effectue dans un 
amplificateur différentiel ot la contre-réaction est considérable. 


La figure 3 montre les photographies des impulsions obtenues aprés le mélange et 
la différence observée pour les valeurs de fy relatives 4 des particules alpha et a des 
électrons d’amplitudes voisines. 


a) 


b) 


c) 


Figure 3 
Impulsions délivrées par le circuit «mesureur» de formes a) pour des particules a, b) pour des 
rayons y, c) pour des particules « en présence de rayons y. 


Résistance de charge: 100 kQ 
Vitesse de balayage: 1 ps/cm. 


CONVERTISSEUR TEMPS-AMPLITUDE (fig. 4) 


A Ventrée, l’impulsion est envoyée dans deux voies qui produisent respectivement 
un signal a l’instant 0 et un signal a l’instant f). Ces deux signaux déclenchent une 
bascule et, par conséquent, le passage d’une particule ionisante se traduit par un signal 
carré de largeur fy). Une simple intégration, méme partielle, transforme la largeur en 
amplitude. 
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6) 


Puc. 2 


OcuusnnorpaMMBI BbIXOJHbIX MMIMYJIbCOB pu pervcTpaluu: a) y-KBaHTOB (Sb 124), 6) HeiirtpoHoB 
uw Y-KBaHTOB Po-Be. JIy4 Tpy6xu ocuMsorpada MOACBe4MBaeTCA TOJIBKO Ha BEPLIMHaX MMIYJIbCOB 


1. AmnumtTyaHaad xapakTepHcTHkKa BbIXOZHBIX MMMyJIbCOB HMeeT JIMHeHbIM BU TO 
Hayasla orpanwyenua TOKa ®MOY mpocrpaHcTBeHHbIM 3apagOM. XapakTepucTuKa 
TIPOBepsAIACh 10 CXeMe, MpHBeAeHHO! Ha puc. 3 [3]. Ha ee BxoZbI NOWaBaIMCh TMHODHbI 
(oTKOHeHHe 0 OcH X) HM BbIXOZHOM (OTKMOHeHHe TO ocH Y) MMMyJIbCbI CO CXEMBI, 
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ont 


Puc. 4 
Vmnyiscst oT HeliTponos u y-ly4e Po-Be ucTowHuka, HouwyueHHbIe NPM MoOaye Ha BxOJBI 
CXeMBI, PHC. 3, HMIMYJIBCOB OT CxXeMBbI, puc. 1 a): a) DMHOHOTO (OTKIOHeHHe TO ocw X) H 
BEIXOMHOrO (ocb Y) uMuysbcos; 6) HHHODHOTO (ocb Y) M 3allOMHeHHOrO aHOAHOrO (och X) 
wmuvipcos. Ha scex dbororpadusax BepxHue JIMHHH OOYCIOBMeHEI perucTpalluel HeHTPOHOB 


Ilpu mpopepKe CXeMbI Ha MOHOSHEPreTHYeCKUX HeliTpoHaXx, MOy4aBlMxca Ip 6omOap- 
TMpoOBKe TPHTHA TpOTOHAMU, YCKOPeHHBIMM B BbICOKOBOJIBTHOM SCI, monyyeno 
oTHesenue OT y-boHa HeiiTPOHOB, 9HepruA KOTOPbIX paBHa 80 xoB (U, BOY = 1800 B). 
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Fig. 6 
Oscillograph picture of proton and electron pulses after diode and amplifier, in the case 
described in Fig. 4. Sweep speed 1 ys/cm. One of the pulses shows pile-up of a proton and 
electron pulse 


Fig. 7 
Oscillograph picture of all gamma-pulses from a Y88 source after diode and amplifier; sweep 
speed 1 ys/cm 
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Figs. 8, 9 and 10 


Peak height of the discrimination pulse as a function of recoil-proton or Compton-electron 
energy. The upper points represent the proton pulses. Sources were placed on the side of the 
crystal in order to get the maximum electron range of 3.75 cm in the crystal 


The discriminator-setting proved to be independent of the angle of incidence of the 
primary particle, although the peak amplitude, e.g. of 14-MeV neutrons, shows a small 
variation [5]. The discriminator-setting is also independent of the variation of the 
multiplier voltage between 1200 and 1500 V. 


Ill. Pile-up effects 


The gamma-radiation, which always accompanies neutrons, can produce serious 
errors in neutron counting. As mentioned before, the Brooks circuit is sensitive to 
gamma pile-up, resulting in false indication pulses. These are caused by the fact that 
the pulses A and B are not the same length. A second pulse, arriving at A, when a previous 
pulse is still present, will add on its “‘tail’’, since the photo-multiplier acts like a current 
source. 


In channel B addition of the pulses takes place as long as the fast pulse lasts; when 
the second pulse arrives later the higher one is selected by the diode stretcher. Therefore, 
a second pulse will always give a false indication pulse during the time that the amplitude 
of the first pulse is still above a certain level. This level depends on the pulse-heights 
of both pulses. 

In the circuit presented here, however, pile-up can only occur during a fraction of 
the pulse-length. In channel A the second pulse always adds on the tail of the previous 
one. In channel B an interference takes place between the damped harmonic motions 
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Puc. 4 
BuewHuii Bu OCYLIeCTBIeHHOM WeKalbl WepecueTHOM CXeMbI 


Manoe 4ucno sami yBeNMYMBaeT Haj[e%KHOCTbh CX€Mbl WM [O3BOJIAeT OCYLICCTBUTb 
MaslorabapuTHy!o KOHCTpyKuMto. Kpome Toro, oOsleryaroTcA MHTaHve M OTBOL Tena. 
[pu upuMenenun MOsyMpOBOTHUKOBbIX TPHOOB WIM TOHHEJIbHbIX JMOOB; UX YCIIO 
B Upefiaraemoi cxeme Tawxe OyJeT MeHbIIe B CpaBHeHve C OObIYHbIMM CxeMaMH. 

— TIp Tom xe 4ucrIe aMM MO2KHO MIpOcTo OcyllecTBUThb MepecueT Ha J1KOGOe 4NCIIO. 
Ero MakcuMasIbHOe 3HaveHve JIMMUTHpyeTCA TONbKO 3aTyXaHWeM M pacuiMpeHHem 
wMuiysIbca B MHMM L,. 

— YcroitumBocTb HM HajlexKHOCTb CXeMbI xOpolive, OmarowapsxA BbICOKOMy MOpory 
cpaOaTbiBaHHa 3allepTbIx TeHepaTOpos M CAMOCHHXPOHU3allMM COBNAACHHA, IIA KOTOpOK 
He Hy2KHa BbICOKad CTaOMIbHOCTh Mepvona reHepaTOpos. 

— JIpu HeucnpasHoctu cxeMbI COBNaeHUA TepAIOTCA M 9TO cpa3y OOHapy2%KuBaeTcA 
nO OTCYTCTBMM MHIuKalyuu copnazenni. 

Mo2KHO oxKuaTb, YTO 3TAa CHCTeMa HaiijleT IPHMeHeHHe He TOJIbKO B HepeCcueTHbIxX 
cxeMax, HO TakxKe B IM@pOBO BLIMMCMIMTeIbHOM TeXHUKe, elle B KAYeCTBE HlepeKIIOUaIO- 
WleTo yCTpOlicTBa B MHOTOKaHaJIbHbIX CXEMaX BPEMEHABIX HM AMIMUIMTY THbIX AHAJIM3ATOPOB. 
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Fig. 2 
Scintillation-type preamplifier; construction details 


cable feedback technique, as described above, was originated by BAUM [2] for use with 
fission chambers and has been very successfully employed by the authors with BF, type 
neutron detectors. 


The equivalent circuit of the triaxial input cable feedback system is shown in 
Fig. 4 (A). This equivalent circuit and the following analysis are based on and are an 
extension of Baum’s work and contain the following assumptions: 

(1) The collection of charge in a BF, type neutron detector or in a similar low-level 
pulse-ionization detector may be approximated by 


aq) = O01 —e—**) (1) 
where q(t) is the charge collected at any time /, Q is the total charge collected, 


and t is the mean collection time of electrons and positive ions in the detector; 


(2) The mean collection time, t, is small compared to the time constant, RC, of the 
preamplifier input circuit; 
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Fig. 3 
Pulse-ionization-type preamplifier; construction details 


Br, 
Chamber 
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(B) 


Fig. 4 
Triaxial input-cable feedback; equivalent circuits 


